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ADVERTISEMENT. 

The  responsibility  of  the  statements  and  opinions  given  in  the 
following  Papers  and  Discussions  rests  with  the  individual  authors; 
the  Institution,  as  a  body,  merely  places  them  on  record. 


MEMORANDUM  OF  ASSOCIATION 

OF   THK 

INSTITUTION    OF  ENGINEERS  AND  SHIPBUILDEKS 
IN   SCOTLAND. 


1.  The  Name  of  the  Association  is  "  The  Institution  of  Engineers 
AND  Shipbuilders  in  Scotland." 

2.  The  Kegistered  Office  of  the  Association  will  be  situate  in  Scot- 
land. 

3    The  Objects  for  which  the  Association  is  established  are  : — 

(1.)  The  Incorporation  of  the  present  Institution  of  Engineers  and 
Shipbuilders  in  Scotland,  under  the  30th  and  31st  Victoria, 
cap.  cxxxi.,  and 

(2.)  To  facilitate  the  exchange  of  information  and  ideas  amongst 
its  Members,  to  place  on  record  the  results  of  experience 
elicited  in  discussion,  and  to  promote  the  advancement  of 
science  and  practice  in  Engineering  and  Shipbuilding. 

(3.)  The  doing  all  such  other  lawful  things  as  are  incidental  or 
conducive  to  the  attainments  of  the  above  objects. 

4.  The  Income  and  Property  of  the  Association,  whencesoever 
derived,  shall  be  applied  solely  towards  the  promotion  of  the  objects 
of  the  Association  as  set  forth  in  this  Memorandum  of  Association, 
and  no  portion  thereof  shall  be  paid  or  transferred  diiectly  or  in- 
directly by  way  of  dividend,  bonus,  or  otherwise  howsoever,  by  way  of 
profit,  to  the  persons  who  at  any  time  are  or  have  been  Members  of  the 
Association,  or  to  any  of  them,  or  to  any  poison  claiming  through  any 
of  them. 

Provided  that  nothing  herein  shall  prevent  the  payment  in  good 
faith  of  remuneration  to  any  Officers  or  Servants  of  the  Association,  or 
W)  any  Member  of  the  Association,  or  other  person,  in  return  for  any 
services  rendered  to  the  Association. 


X.  MEMORANDUM   OF   ASSOCIATION 

5.  The  fourth  paragraph  of  this  Memorandum  is  a  condition  on 
which  a  Licence  is  granted  by  the  Board  of  Trade  to  the  Association, 
in  pursuance  of  Section  23  of  the  "  Companies  Act,  1867."  For  the 
purpose  of  preventing  any  evasion  of  the  terms  of  the  said  fourth 
paragraph,  the  Board  of  Trade  may  from  time  to  time,  on  the  applica- 
tion of  any  Member  of  the  Association,  impose  further  conditions, 
which  may  be  duly  observed  by  the  Association. 

6.  If  the  Association  acts  in  contravention  of  the  fourth  paragraph 
of  this  Memorandum,  or  of  any  such  further  Conditions,  the  liability  of 
every  Member  of  the  Council  of  the  Association,  and  also  of  every 
Member  who  has  received  any  such  dividend,  bonus,  or  other  profit  as 
aforesaid,  shall  be  unlimited. 

7.  Every  Member  of  the  Association  undertakes  to  contribute  to  the 
Assets  of  the  Association  -  in  the  event  of  the  same  being  wound  up 
during  the  time  that  he  is  a  Member,  or  within  one  year  afterwards, 
for  payment  of  the  Debts  and  Liabilities  of  the  Association,  contracted 
before  the  time  at  which  he  ceases  to  be  a  Member,  and  of  the  Costs, 
Charges,  and  Expenses  of  winding  up  the  same,  and  for  the  adjust- 
ment of  the  rights  of  the  Contributaries  among  themselves— such 
amount  as  may  be  required,  not  exceeding  Ten  Pounds,  or,  in  case  of 
his  liability  becoming  unlimited,  such  other  amount  as  may  be  required 
in  pursuance  of  the  last  preceding  paragraph  of  this  Memorandum. 

We.  the  several  persons  whose  names  and  addresses  are  subscribed, 
are  desirous  of  being  formed  into  an  Association  in  pursuance  of  this 
Memorandum  of  Association  : — 

Names,  Addresses,  and  Description  of  Subscribers — 

David  Rowan,  217  Elliot  Street,  Glasgow,  Engineer. 

W.  J.  Macquorn  Rankine,  C.E..  LL.D.,  &c.,  69  St.  Yinoent  St.,  Glasgow. 

M.  R.  COSTELLOE,  26  Granville  Street,  Glasgow,  Measuring  Surveyor. 

Benjamin  Connob,  17  Scott  Street,  Gamethill,  Engineer. 

James  Deas,  16  Robertdon  Street,  Glasgow,  Civil  Engineer. 

James  M.  Gale,  23  Miller  Street,  Glasgow,  Civil  Engineer. 

W.  MoNTGOMERiE  Neilson,  C.E.,  Hyilc  Park  Locomotive  Works,  Glasgow 

Dated  the  Twelfth  day  of  July,  Eighteen  Hundred 
and  Seventy-One. 

R09E|lT  Ross,  of  Glasgow,  Solicitor,  Witness  to  the  above  signatures, 


iVc?T£V--By  SpcciaJ   Resolution   passed  oa  2nd   October,   1902,   and   confirmed  on  20lii 
Sj;^''"%l«g!  ^"^  Articles  of  Association  dated  12th  July,  1871.  a^  modified  and  altered 
ifArtldes^fS;  ira?°rH'5j/°^  the  following  Arti4es'^of  Association  (with  the  excepdoS 
of    iSnf  L     i?*r^*  ^*  *°**  27)  were  substituted,  and  they  were  registered  with  the  Registrar 
ot  Joint  Stock  Companies  on  28th  October,   1902.  ^  •  ^  t^^^iau^i 

.K.  ^A*\?^*"*i^"^"H?"  P**.**^  on  20th  March,  1906,  and  confirmed  on  17th  April.  1906. 
the  Articles  Nos.  28.  26.   and  27  of  the  Articles  reg  stered  on  28th  October.  IflSi   wSe 

ARTICLES  OF  ASSOCUTION 

or    THB 

INSTITUTION  OP  ENGINEERS  AND  SHIPBUILDERS 
IN  SCOTLAND. 


Section  L— PRELIMINARY 

L  For  the  purpose  of  registration,  the  number  of 
Members  of  the  Institution  is  declared  unlimited. 

2.  These  Articles  shall  be  construed  with  reference  to 
the  provisions  of  the  Companies  Acts,  1862  to  1900; 
and  terms  used  in  these  Articles  shall  be  taken  as 
having  the  same  respective  meanings  as  they  have  when 
used  in  those  Acts. 

3.  The  Objects  of  the  Institution  are  those  set  forth  objects  of  tht 
in  the  Memorandum  of  Association. 

SEcnoN  XL— CONSTITUTION. 

4t.   The  Institution  shall  consist  of  Members,  Asso-  Oonstitatioa. 
ciate   Members,    Associates,   Students,   and    Honorary 
Members. 

5.  Candidates   for  admission  as   Members   shall   be  who  may  bt 
persons   not   under   25  years  of  age,  who  have  been  ^®°^^*''- 
educated     as    Engineers    or    Shipbuilders    and    have 

occupied  a  responsible  position  in  connection  with  the 
Practice  or  Science  of  Engineering  or  Shipbuilding. 

6.  Candidates  for  admission  as  Associate  Members   who  may  bt 
shall  be  persons  not  under  22  years  of  age,  who  have  iS^n, 
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ARTICLES    OF    ASSOCIATION 


Who  may  b« 
AjnooUtM. 


Who  may  be 
Btudento. 


Who  may  be 
Hon.  Memben. 


Memben,  etc., 
under  former 
Artioletof 
Aesodation. 


Graduates  under 
former  Articles 
of  Association. 


been  educated  as  Engineers  or  Shipbuilders  and  are 
engaged  in  the  Practice  or  Science  of  Engineering 
or  Shipbuilding. 

7.  Candidates  for  admission  as  Associates  shall  be 
such  persons,  not  included  in  the  classes  enumerated 
in  the  two  preceding  Articles,  who,  not  being  under  25 
years  of  age,  are  considered  by  the  Council  eligible  on 
account  of  their  scientific  attainments,  or  are  considered 
by  the  Council  qualified  by  knowledge  bearing  on 
Engineering  Science  or  Practice. 

8.  Candidates  for  admission  as  Students  shall  be 
persons  not  under  18  years  of  age  who  are  engaged  in 
study  or  employment  with  a  view  to  qualifying  them- 
selves as  Engineers  or  Shipbuilders.  Before  attaining 
the  age  of  25  years  they  must  apply  for  election  as 
Members  or  Associate  Members  if  they  desire  to 
remain  connected  with  the  Institution.  They  may  not 
continue  to  be  Students  after  attaining  the  age  of  25 
years. 

9.  Honorary  Members  shall  be  such  distinguished 
persons  as  the  Council  shall  recommend  and  the  Institu- 
tion shall  appoint.  The  number  of  Honorary  Members 
shall  not  exceed  Twelve. 

10.  All  persons  whose  names  shall  on  30th  April, 
1902,  be  on  the  Roll  of  the  Institution  under  the  former 
Articles  of  Association  as  Members,  Associates,  or 
Honorary  Members,  and  whose  Subscriptions  are  not 
more  than  two  years  in  arrear  at  that  date,  shall  become 
Members,  Associates  and  Honorary  Members  respectively 
within  the  meaning  of  these  Articles,  and  that  without 
procedure  of  any  kind  on  the  part  of  such  persons. 

11.  All  persons  whose  names  shall  on  30th  April,  1902, 
be  on  the  Roll  of  the  Institution  under  the  former  Articles 
of  Association  as  Graduates,  and  whose  Subscriptions 
are  not  more  than  two  years  in  arrear  at  that  date, 
shall  be  considered  and  treated  as  Students  within 
the  meaning  of  these  Articles,  and  shall  have  the  privi- 
leges, and  be  subject  to  the  regulations  affecting  Students ; 


ARTICLES    OF    ASSOCIATION  XIU. 

and,  notwithstanding  the  terms  of  Article  8  hereof,  such 
Graduates  as  are  over  25  years  of  age  shall  be  allowed 
to  remain  as  Students  for  one  year  from  and  after  30th 
April,  1902,  but  no  longer. 

12.  The  abbreviated  distinctive  titles  for  indicating  Abbramted 
the  connection  with  the  Institution  shall  be  the  follow-  iS^bm,  eto, 
ing,  viz. — For  Members,  M.I.E.S. ;  for  Associate  Mem- 
bers, A.M.I.E.S. ;  for  Associates,  A.I.E.S. ;  for  Students, 

S.LP].S. ;  and   for  Honorary   Members,  Hon.  M.I.E.S. 

13.  Every  Candidate  for  admission  as  a  Member,  ciu,^^te«^  hon 
Associate  Member,  Associate  or  Student  of  the  Institu-  J^^?^®^ 
tion,  shall  obtain  the  recommendation  of  at  least  three 
Members,  such  recommendation  and  the  relative  under- 
taking by  the  candidate  being  according  to  Form  A 
contained  in  the  Appendix.  Such  recommendation  and 
undertaking  shall  be  lodged  with  the  Secretary,  and  the 

Council  shall  consider  the  same  at  their  first  Meeting 
thereafter,  and  if  they  approve  the  recommendation 
shall  be  mentioned  in  the  notice  calling  the  next  general 
meeting  of  the  Institution  i  and  then,  unless  a  ballot 
be  demanded  by  at  least  five  persons  entitled  to  vote, 
the  Candidate  shall  be  declared  elected.  If  a  ballot  be 
taken  he  shall  be  admitted  if  three-fifths  of  the  votes 
are  favourable ;  Members  only  being  entitled  to  vote. 
The  proposal  for  transferring  any  person  from  the 
Class  of  Students  to  the  Classes  of  Associate  Members 
or  Members,  or  from  the  Class  of  Associate  Members 
to  the  Class  of  Members,  shall  be  according  to  Form 
B  contained  in  the  Appendix,  and  this  form  shall  be 
subscribed  by  at  least  three  Members  and  delivered  to 
the  Secretary  for  the  consideration  of  the  Council  who 
shall,  if  they  think  fit,  make  the  proposed  transfer. 

14.  The    granting    of    Honorary     Membership    to  Honomir  Hem- 
any  person  may  be  proposed  at  any  Council  meeting,  elected?^ 
and,  if  the  Council,  after  consideration  at  their  next 

meeting,  approve  of  the  proposal,  intimation  thereof 
shall  be  given  by  the  Secretary  in  the  circular  calling 
the  next  general  meeting  of  the  Institution.     At  that 
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meeting  unless  a  ballot  be  demanded  by  at  least  five 
persons  entitled  to  vote,  the  person  proposed  shall  be 
declared  elected.  If  a  ballot  be  taken  then  the 
person  proposed  shall  be  admitted  if  four-fifths  of 
the  votes  are  favourable ;  Members  only  being  entitled 
to  vote. 

15.  Every  person  duly  elected  or  admitted  as  a  Mem- 
ber, Associate  Member,  Associate,  Student,  or  Honorary 
Member,  shall  be  notified  in  writing  of  his  election  or 
admission  by  the  Secretary.  At  the  first  meeting  of  the 
Institution  held  thereafter  at  which  he  is  present,  he 
shall  be  introduced  according  to  the  ensuing  form,  viz. 
— The  President  or  the  Chairman  of  the  Meeting, 
addressing  him  by  name,  shall  say  :  "  As  President  (or 
Chairman  of  this  meeting)  of  the  Institution  of  En- 
gineers and  Shipbuilders  in  Scotland,  I  introduce  you 
as  a  Member  (or  Associate  Member  or  Associate  or 
Student  or  Honorary  Member  as  the  case  may  be). 
Thereafter  the  new  Member,  Associate  Member,  Associate, 
Student  or  Honorary  Member  shall  sign  the  Koll  of 
Members,  etc.,  to  be  kept  by  the  Secretary,  and  on 
making  payment  of  any  fees  or  subscriptions  due  he 
shall  be  entitled  to  receive  a  diploma.  The  diploma 
shall  be  signed  by  the  President  and  the  Secretary. 

16.  If  any  person  proposed  for  admission  into  the 
Institution  be  not  approved  by  the  Council,  or  be 
rejected  on  being  balloted  for,  no  notice  shall  be  taken 
of  the  proposal  in  the  Minutes  of  the  Greneral  Meetings, 
and  such  person  shall  not  be  proposed  again  for  ad- 
mission until  after  the  expiry  of  one  year  from  the  date 
of  such  disapproval  or  rejection.  Before  the  meeting  of 
Council  for  considering  any  proposal  to  grant  Honorary 
Membership  it  shall  be  ascertained  from  any  person 
proposed  to  be  made  an  Honorary  Member, 
whether  he  will  accept  the  honour,  no  notice  being 
taken  of  the  proposal  in  the  Minutes  unless  he  is  elected. 
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Section  III.— MANAGEMENT   AND   OFFICE- 
BEARERS. 

17.  The  Direction  and  Management  of  the  affairs  of  ooandi,Man- 
the  Institution  shall  be  confided  to  a  Council,  which  agementby. 
shall     consist    of    a    President,     six    Vice-Presidents,   ^   _^.^  ^ 
and  eighteen  Councillors.      Of  the  eighteen  Councillors,   g^^J^^jl^"*"*^®" 
not  more  than  three  may  be  Associates,  the  remainder 

being  Members.     Five  Members  of  Council  shall  con- 
stitute a  Quorum. 

18.  Members    only    shall    be    eligible   for    election 

as  President.  The  President  shall  preside  over  all  Preddent. 
meetings  of  the  Institution  and  Council  at  which  he 
is  present,  and  shall  regulate  and  keep  order  in  the 
proceedings.  The  President  shall  hold  office  for  one 
year  only,  but  shall  be  eligible  for  re-election  at  the 
expiry  of  the  year. 

19.  Members  only  shall  be  eligible  for  election  as  _ 

•^  °  Who  m»y  be 

Vice-Presidents.      In  the  absence  of  the  President,  the  vioe-PreBidenti 
Vice-Presidents  in  rotation  shall  preside  at  meetings  of 
the  Council  and  Institution.     The  Vice-Presidents  shall 
hold  ofiice  for  three  years. 

20.  In  case  of  the  absence  of  the  President  and  all 

the  Vice-Presidents,  the  meeting  may  elect  any  one  of  have'SISnff 
the  Council,  or  any  Member,  to  preside.     In  all  cases  ^°*^" 
the  Chairman  of  any  meeting  shall  have  a  Deliberative 
Vote  and  a  Casting  Vote. 

21.  Members  and  Associates  only  shall  be  eligible  for 
election  a&  Ordinary   Members  of  Council,  and  shall  coSScufJrJ* 
hold   office  for   three  years,  and  not   more   than  three 
Associates  shall  hold  office  in   the  Council  at  any  one 

time. 

22.  Past  Presidents   of   the   Institution   shall  be  ex 
ojficu)  Honorary  Members  of  Council. 

23.  The  Office-Bearers  in  office  at  30th  Apiil,  1902, 

shall  continue  in  office  till  the  First  General  Meeting  of  ^^<^«°<^ii- 
the  Institution  in  October,  1902,  when  a  new  Council 
i^hall  be  elected  in  terms  of  these  Articles,     Such  Office- 
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Bearers  shall  be  eligible  for  election  for  the  new  Council. 
Of  the  new  Council,  two  Vice-Presidents  shall  retire  in 

October  of  each  of  the  years,  19()3,  1904,   and   1905, 

CotSdT***'  ^^^^^  places  being  filled  by  election,  and  the  persons 
elected  shall  hold  office  until  the  expiry  of  the  terms 
of  ofiice.  Similarly  of  the  new  Council,  six  Councillors 
(being  five  Members  and  one  Associate)  shall  retire  in 
October,  1903,  and  a  like  number  in  October,  1904,  and 
the  remainder  in  October,  1 905,  their  places  being  filled 
by  election  at  these  dates  respectively,  and  their 
successors  retiring  at  the  expiry  of  the  terms  of  office, 
and  so  on  thereafter  from  year  to  year.  The  Vice- 
Presidents  to  retire  in  October,  1903,  and  1904,  shall 
be  determined  by  lot  among  the  six  Vice-Presidents 
first  elected,  and  the  Members  of  Coancil  to  retire 
in  October,  1903  and  1904  shall  be  determined  by  lot 
among  the  Members  of  the  Council  first  elected.  The 
Vice-Presidents  and  the  Ordinary  Members  of  Council 
who  fall  to  retire  at  the  dates  mentioned,  or  who  fall  to 
retire  at  any  time  on  the  expiry  of  their  term  of  office, 
shall  not  be  eligible  for  re-election  in  the  same  capacity, 
nor  shall  a  retiring  Vice-President  be  eligible  for  elec- 
tion as  a  Member  of  Council  until  one  year  has  elapsed 
from  the  date  of  retiraK 
,,^    ^  24.    The   Members  of   Council   shall   be   elected   by 

Office-Bearewto    ,     „  ,         ^  ,    _,  ,    ^.        .  ,  . 

to  be  elected  by  ballot  at  the  Annual  General  Meetmg,  such  meeting 
being  the  last  Ordinary  Meeting  held  in  each  month  of 
April,  but  the  new  Office-Bcarers  elected  at  this  meeting 
shall  not  enter  office  until  1st  October  following.  In 
the  election  of  President,  Vice-rresidcnts,  and  Ordinary 
Members  of  Council  from  the  Class  of  Associates,  all 
Members,  Associate  Members,  and  Associates  shall  be 
entitled  to  vote.  In  the  election  of  the  other  Members 
of  Council  only  ^lembers  and  Associate  Members  shall 
be  entitled  to  vote. 

25.   In  March  of  each  year  the  Council  shall  meet  and 

Mection'.  prepare  a  list  of  names  for  the  election  of  Council  for  tho 

cnsuin*^   year.      This   list   shall    be   su^^niittcd    to   the 


ARTICLES   OF  ASSOCIATION  XVIl. 

Members  at  the  Monthly  Meeting  preceding  the  Annual 
Meeting,  and  the  Members  present  may  by  motion, 
duly  seconded,  propose  any  additional  names  for  any 
of  the  offices. 

26.  Fourteen  days  before  the  General   Meeting  in  Ballot  LUts 
April    of    each    year    the    list    as    proposed    by    the  Mj^bSJ*** 
Council  for  the  election  of  Members  and  others  to  fill  the 
vacancies  in  the  Council  for  the  ensuing  year,  with  such 
additions  as  may  have  been  made  thereto  under  Article 

25,  shall  be  printed  and  sent  to  all  Members,  and 
Associate  Members,  and  the  list  shall  serve  as  a  ballot 
paper.  A  similar  list  shall  be  printed  and  sent  to 
all  Associates  containing  the  names  of  those  for  whom 
they  are  entitled  to  vote.  Those  persons  entitled  to 
vote  may  vote  for  as  many  names  on  the  list  as  there  are 
vacancies  to  be  filled.  In  the  event  of  any  ballot  paper 
not  containing  names  equal  to  the  number  of  vacancies 
to  be  filled  such  ballot  paper  shall  be  treated  as  a  spoiled 
paper. 

The  ballot  papers  may  be  sent  by  post  or  otherwise 
to  the  Secretary  so  as  to  reach  him  before  the  day  and 
hour  named  for  the  Annual  General  Meeting,  or  they 
may  be  presented  personally  by  those  entitled  to  vote, 
at  the  opening  of  the  Meeting. 

27.  A  vacancy  occurring  during  any  Session  in  con-  vacanoie*  o«mr- 
sequence   of  the  resignation   or  death  of  any  Office-  aS^^'to^e^ 
Bearer  (except  the  President)  shall  be  filled  up  by  the  SSJriF^^**^ 
Council,  until  the  next  Annual  General  Meeting  for 

electing  Office-Bearers.  'Any  vacancy  in  the  office  of 
President  shall  be  filled  up  at  the  next  General  Meeting 
of  the  Institution.  A  person  elected  to  fill  a  vacancy 
shall  hold  office  for  the  period  unexpired  of  the  term  of 
office  of  the  Office-Bearer  resigning  or  dying  or  being 
removed  from  office,  and  he  shall  not  be  eligible  for 
re-election. 
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Section  IV.—POWERS  AND  DUTIES  OF 
COUNCIL. 

28.  The  Council  shall  meet  as  often  as  the  business 
of  the  Institution  requires,  and  during  each  Session — 
that  is  from  October  till  April — the  Council  shall  meet 
at  least  once  a  month. 

29.  The  Council  may  delegate  any  of  their  powers  to 
Committees  consisting  of  such  Members  of  the  Council 
as  they  think  fit,  and  they  may  appoint  Committees  to 
report  to  them  upon  special  subjects.  In  particular, 
they  shall  appoint  a  Finance  Committee  to  superintend 
the  finances  of  the  Institution,  a  Library  Committee  to 
superintend  Library  arrangements,  and  a  Papers  Com- 
mittee to  arrange  for  papers  being  submitted  at  meetings 
of  the  Institution.  The  Minutes  of  all  Committees  shall 
not  take  effect  until  approved  by  the  Council.  The 
President  shall  be  ex  officio  a  member  of  all  Committees. 
The  Convener  of  the  Finance  Committee  shall  be  styled 
Honorary  Treasurer.  He  shall  be  elected  by  the  Council 
from  their  number,  and  notwithstanding  the  provision 
for  retiral  in  Article  23,  he  shall  be  entitled  to 
retain  the  office  of  Honorary  Treasurer  for  three  years 
from  the  date  of  his  appointment. 

30.  The  Council  may  make  Bye-Laws  and  Regulations 
for  carrying  on  the  business  of  the  Institution,  and  from 
time  to  time,  alter,  amend,  repeal,  vary,  or  add  to  the 
same ;  but  any  Bye-Law  or  Regulation,  or  any  alteration 
or  amendment  thereon,  or  addition  thereto,  shall  only 
come  into  force  after  the  same  has  been  confirmed  at  a 
General  Meeting  of  the  Institution,  and  no  Bye-Law  or 
Regulation  shall  be  made  under  the  foregoing  which  would 
amount  to  such  an  addition  to  or  alteration  of  these  Articles 
as  would  only  be  legally  made  by  a  Special  Resolution 
passed  and  confirmed  in  accordance  with  Sections  50  and 
51  of  the  Companies  Act,  1862.  The  Council  shall 
be  entitled  to  invest  the  Funds  of  the  Institution  as  they 
think  fit,  on  such  security,  heritable  or  moveable,  as  to 
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them  shall  seem  proper,  and  may  alter  or  vary  the 
investments  from  time  to  time.  The  Council  may  pur- 
^jhaae  or  sell  property,  heritable  or  moveable,  for  the  Council  may 

,        .  -       porchaae  or  wll. 

use  of  the  Instilution,  and  may  borrow  money  on  the 
security  of  the  property  of  the  Institution,  subject  to  Bonowmg. 
confirmation  by    the    Institution  at  an  Extraordinary 
Meeting  called  for  the  purpose. 

31.  The  Council  shall  appoint  a   Secretary  and  a  offldaiatobe 
Treasurer,  and  any  other  official  or  servant  required  to  *pp<*^°*®^ 
-carry  on  the  work  of  the  Institution,  and  the  appoint- 
ments made  by  the  Council  shall  be  on  such  terms  and 
conditions  as  the  Council  may  think  fit. 

32.  All  questions  in  or  before  the  Council  shall  be  vote;  at  Coundi 
decided  by  vote,  and  such  vote  shall  be  taken  by  a  show 
of  hands  or  by  ballot;  but  at  the  desire  of  any  four 
Members   present   the    determination   of   any   subject 
^all  be  postponed  till  the  next  meeting  of  Council. 


Section  V.-SECRETARY  AND  TREASURER. 

33.  Subject  to  regulation  by  the  Council,  the  Secre-  Duties  of 
cary  (who  may  also  act  as  Treasurer)  shall  conduct  the  ^'®**^- 
correspondence  of  the  Institution ;  attend  all  Meetings 

of  the  Institution,  of  the  Council,  and  of  Committees; 
take  Minutes  of  the  proceedings  of  such  Meetings,  and 
<5nter  them  in  the  proper  books  provided  for  the  pur- 
pose ;  read  at  all  Meetings  of  the  Institution  and 
Council  respectively  the  Minute  of  the  preceding  Meet- 
ing, and  all  communications  received  by  him  or  ordered 
to  be  read ;  superintend  the  publication  of  such  papers 
as  the  Council  may  direct ;  take  charge  of  the  Library ; 
issue  notices  of  Meetings ;  issue  Diplomas ;  keep  the 
Roll  and  Registers ;  and  perform  whatever  other  duties 
are  indicated  in  the  Regulations  of  the  Institution  as 
appertaining  to  his  department  or  set  forth  in  the  terms 
of  his  appointment. 

34.  Subject  to  regulation  by  the  Council,  the  duties  Duties  of 
of  the  Treasurer  shall  be  to  take  charge  of  the  property  '^^''*"°^* 
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of  the  Institution  (excepting  books,  papers,  drawings^ 
models,  and  specimens  of  materials,  which  shall  be  in 
the  charge  of  the  ^Secretary) ;  to  receive  all  payments 
and  subscriptions  due  to  the  Institution ;  to  direct  the 
collection  of  subscriptions ;  to  pay  into  one  of  the  Olasgow 
Banks,  in  the  joint  names  of  the  President,  Honorary 
Treasurer,  and  himself,  the  cash  in  his  hands  whenever 
it  shall  amount  to  Ten  Pounds ;  to  pay  all  sums  due  by 
the  Institution,  but  not  without  an  order  signed  by  two- 
Members  of  the  Finance  Committee,  and  to  keep  aa 
account  of  all  his  intromissions  in  the  General  Cash 
Book  of  the  Institution,  which  shall  upon  all  occasions, 
be  open  to  inspection  of  the  Finance  Committee,  and 
which  shall  be  balanced  annually,  as  at  dOth  September. 
The  Treasurer  shall  prepare  an  Annual  {Statement  of 
the  Funds  of  the  Institution,  and  of  the  receipts 
and  payments  of  each  financial  year,  which  shall 
be  audited  by  the  Auditor  aftermentioned,  and  this 
Statement  of  the  Funds  and  an  Inventory  of  all  tha 
property  possessed  by  the  Institution,  and  a  List  of  the 
Members,  Associate  Members,  Associates,  and  Students, 
whose  subscriptions  are  in  arrear,  shall  be  submitted  ta 
the  First  Meeting  of  the  Council,  in  October. 
Animal  Eeport.  ^^'  ^°  Annual  report  upon  the  affairs  of  tha 
Institution  shall  be  drawn  up  under  the  direction  of 
the  Council  at  a  meeting  to  be  held  not  less  than  ten 
days  before  the  General  Meeting  of  the  Institution  in 
October.  This  report  shall  embody  reports  from  the 
representatives  elected  by  the  Council  to  various  official 
bodies. 

Section  VI.— AUDIT  OF  ACCOUNTS. 

Auditor  and  36.   An  Auditor,  who  must  be  a  Chartered  Accountant 

of  at  least  five  years  standing,  shall  be  appointed  by  the 
Council  at  their  meeting  preceding  the  last  General 
Meeting  of  each  Session,  to  examine  the  accounts  and 
books  of  the  Treasurer,  and  the  Annual  Financial 
Statement  or  Statements  of  the  Funds,  and  that  State^ 
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ment  along  with  the  Audit  and  Annual  Report,  shall  be 
printed  in  the  notice  calling  the  First  General  Meeting  of 
the  Institution  in  October,  and  shall  be  read  at  that 
meeting. 

Section  VIL— MEETINGS   AND   PROCEEDINGS 
OF  THE  INSTITUTION. 

37.   The  Institution  shall  hold  ordinary  meetings  for  S^SiS"*" 
/reading  papers,  and   for  discussing  matters  connected  dSJ^toDSe?' 
with  the  objects  of  the  Institution ;  and  such  meetings  ■**'"• 
shall  take  place  regularly,  at  least  once  in  every  four 
weeks  during  each  Session ;  and  may  be  adjourned  from 
time    to    time.       The    Sessions    shall    commence    in 
October,   and  continue  until  the  month  of  April  next 
following,   inclusive.     No  business  shall  be  transacted 
•at  any  Meeting,  unless  25  Members  shall  be  present. 

At  the  General  Meeting  in  April  of  each  year  for  the 
election  of  Office-Bearers,  the  order  of  businessshall  be : — 

(1)  Minutes  of  last  meeting. 

(2)  To  read  and  consider  the  reports  of  the  Council 
and  Treasurer. 

(3)  The  meeting  shall  nominate  two  Scrutineers 
who  shall  be  members,  and  shall  hand  to  them 
the  ballot-box  containing  the  voting  papers  for 
the  new  Office-Bearers. 

(4)  The  Scrutineers  shall  receive  all  ballot  papers 
which  may  have  reached  the  Secretary,  and  all 
others  which  may  be  presented  at  the  Meeting. 
The  Scrutineers  shall  then  retire  and  verify  the 
lists  and  count  the  votes,  and  shall,  before  the 
close  of  the  meeting,  report  to  the  Chairman 
the  names  which  have  obtained  the  greatest 
number  of  votes  subject  to  the  conditions  of 
the  ballot.  The  Chairman  shall  then  read  the 
list  presented  by  the  Scrutineers,  and  shall 
declare  the  gentlemen  named  in  the  list  to  be 
duly  elected;  provided  always  that  the  list  does 
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not  contain  more  names  than  there  are  vacancies 
to  be  filled. 
gjJ^I^^Mt-        38.  At  every  ordinary  meeting  of  the  Institution,  the 
buameM.  Secretary  shall  first  read  the  minutes  of  the  preceding 

meeting,  which,  on  approval,  shall  then  be  signed  by  the 
Chairman  of  the  meeting  at  which  the  minutes  are  read 
and  approved.  The  Secretary  shall  next  read  any 
notices  which  may  have  to  be  brought  before  the 
meeting;  after  which  any  Candidates  for  admission  may, 
if  necessary,  be  balloted  for,  and  any  new  Members  shall 
be  admitted.  Any  business  of  the  Institution  shall  then 
be  disposed  of,  after  which  notices  of  motion  may  be 
given.  The  paper  or  papers  for  the  evening  shall  then 
be  read  and  discussed.  Each  Member  shall  have  the 
privilege  of  introducing  one  friend  to  the  General  Meet- 
ings, whose  name  must  be  written  in  the  Visitors'  Book 
together  with  that  of  the  Member  introducing  him ;. 
but  if  the  introducing  Member  be  unable  to  attend 
the  Meeting  he  may  send  with  the  visitor  a  card 
signed  by  him  addressed  to  the  Secretary.  During 
such  portions  of  any  of  these  Meetings  as  may  be- 
devoted  to  any  business  connected  with  the  manage- 
ment of  the  Institution,  visitors  may  be  requested  by 
the  Chairman  to  withdraw. 
N&tore  of  papers  ^^'  ^^^  papers  read  at  the  meetings  of  the  Institution* 
to  be  wad.  mvLBt  be  connected   with   the   Science   or  Practice   of 

Engineering  or  Shipbuilding,  and  must  be  accepted  by^ 
the  Papers'  Committee  before  being  read. 
FrooMdinasUi\)e       ^^'   The  papcrs  read,  and  thc  discussious  hcld  during 
published.  q^qIj  Scssion,  OT  such  portion  of  them  as  the  Council 

shall  select,  shall  be  printed  and  published  forthwith, 
lanatory  ^^ '   Explanatory  notes  communicated  after  the  reading 

notes  after  read-  or  discussing  of  papers  may  be  printed  in  the  IVansactions^ 
^^X^  .      '    if  the  Council  see  fit. 

published. 

42.   The  copyright  of  any  paper  read  at  a  meeting  of 

SS5?S*lS'be     ^^^  Institution,  with  its  illustrations,  shall  be  the  exclusive 

the  KSS^om    property  of  the  Institution,  unless  the  publication  thereof 

by  the  Institution  is  delayed  beyond  the  commencement 
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of  the  Session  immediately  following  that  during  which 
it  is  read ;  in  which  case  the  copyright  shall  revert  to 
che  author  of  the  paper.  The  Council  shall  have  power, 
however,  to  make  any  an'angement  they  think  proper 
with  an  author  on  first  accepting  his  paper. 

43.  The  printed  Transactions  of  each  Session  of  the  Members,  &c.,t/* 

r       .        .  T    11    1        T       •!  1  ».        ^  receive  oopie«  of 

Institution  shall  be  distributed  gratuitously,  as  soon  as  TTn„tacii»n$— 
ready,  to  those  who  shall  have  been  Members,  Associate  onpied  of  their 
Members,   Associates,  or   Honorary   Members    of    the  ^^"' 
Institution  during  such  Session,  and  they  shall  be  sold 
to  the  public  at  such  prices  as  the  Council  shall  fix. 
Authors  of  papers  shall  be  entitled  to  thirty  separate 
copies  of  their  papers,  with  the  discussions,  as  printed 
in  the  Transactions. 

44.  Extraordinary  or  Special  Meetings  may  be  called  special  Meetio^c 
by  the  Council  when  they  consider  it  proper  or  necessary,  the^c£uSdi?^r^^ 
and  must  be  called  by  them  on  receipt  of  a  requisition  S? M?mbe«.°^' 
from  any  25   Members,  specifying  the  business  to  be 

brought  before  such  meeting. 

45.  Any  question  which,  in  the  opinion  of  the  Presi-  voting, 
dent  or  the  Chairman  of  the  meeting  of  Council  and 
Institution,  is  of  a  personal  nature,  shall  be  decided  by 
ballot ;  all  other  questions  shall  be  decided  by  a  show 

of  hands,  or  by  any  convenient  system  of  open  voting. 

In  all  cases,  not  hereinbefore  provided  for,  only  Mem-  who  may 

bers,    Associate    Members,    and    Associates,    shall    be  ^'^' 

entitled  to  vote.      Every   Member,  Associate  Member, 

and  Associate,  shall  have  one  vote  only,  which  must  be 

given  personally. 

Section  VIIJ.— SUBSCRIPTIONS  OF  MEMBERS 
AND  OTHERS. 

46.  Each  Member  shall,  on  election,  pay  an  entrance 

fee  of  £1,  and  for  the  current  and  for  each  Session  B«^Spti«» 
thereafter  an  annual  Subscription  of  £2,  payable. 

Each  Associate  Member  shall,  on   election,  pay  an 
entrance  fee  of  £l,  and  for  the  current  Session  and  each 
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When  Annual 
SubflcriptfoQii 
dne. 


Sfembern,  etc., 
not  entitled  to 
vote  if  in  axrear. 


of  the  two  following  Sessions  an  Annual  Subscription 
of  £1,  and  thereafter  an  Annual  Subscription  of  £1  lOs. 

Each  Associate  shall,  on  election,  pay  an  entrance  foo 
of  £1,  and  for  the  current  Session  and  each  Session 
thereafter  an  Annual  Subscription  of  £1  10s. 

Each  Student  shall  pay  an  Annual  Subscription  of 
Ten  Shillings,  but  no  entrance  fee. 

In  the  case  of  Members,  Associate  Members,  Associates, 
and  Students,  elected  during  March  and  April 
no  subscription  shall  be  payable  for  the  current 
Session. 

47.  Honorary  Members  shall  be  liable  for  no  con- 
tribution or  subscription  or  entrance  fee. 

48.  The  Liability  of  any  Member  or  Associate  for 
future  Annual  Subscriptions  may  be  commuted  by  the 
following  payments,  viz.,  in  the  case  of  a  Member,  by 
the  payment  of  £25 ;  and  in  the  case  of  an  Associate, 
by  the  payment  of  £20  and,  in  the  event  of  such  pay- 
ment being  made  by  a  Member  or  Associate  on  his 
admission  to  the  Institution,  the  same  shall  be  in  full  of 
Entry  Money  as  well  as  future  Annual  Subscriptions. 

49.  All  persons  transferred,  in  terms  of  Articles  10 
and  11,  to  the  Roll  of  Members,  Associates,  or  Students, 
to  be  kept  under  these  Articles,  shall  not  be  liable  to  pay 
any  entrance  fee,  but  for  the  Session,  1902-3,  and  there- 
after they  shall  be  liable  for  the  Annual  Subscription 
applicable  to  the  Class  to  which  they  are  transferred.  All 
persons  who,  as  Members  or  Associates  under  the  former 
Articles  of  Association,  had  commuted  their  Annual 
Subscriptions  by  a  capital  payment  to  the  Institution 
shall  not  be  liable  for  any  subscription,  notwithstanding 
the  terms  of  this  Article. 

50.  Annual  Subscriptions  shall  become  due  on  the 
first  day  of  October  in  each  year,  and  must  be  paid 
before  1st  January  following. 

51.  No  Member  or  Associate  Member  or  Associate, 
whose  subscription  is  in  arrear^  shall  be  entitled  to  vote  at 
any  meeting  of  the  Institution  nor  to  receive  copies 
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of  papers  or  proceedings  while  the  subscription  remains 
unpaid. 

f>2.  Any  Member,  Associate  Member.  Associate  or 
Student,  whose  subscription  is  more  than  three  months 
in  arrear  shall  be  notified  by  the  Secretary.  Should 
hi3  subscription  become  six  months  in  arrear  he  shall  be 
again  notified  by  the  Secretary  and  all  his  rights  in 
-connection  with  the  Institution  shall  be  suspended. 
Should  his  subscription  become  one  year  in  arrear  he 
shall  be  removed  from  the  roll  of  the  Institution  unless 
the  Council  may  deem  it  expedient  to  extend  the  time 
ior  payment. 

53.  Any  Member,  Associate  Member,  Associate,  or  Stu-  reSSn^towS^tlie 
•dent  retiring  from  the  Institution,  shall  continue  to  be  liable  ^°*''*^**<>'** 
for  annual  subscriptions  until  he  shall  have  given  formal 

notice  of  his  retirement  to  the  Secretary.  Contributions 
payable  by  Members,  Associate  Members,  Associates  or 
::^tudents,  shall  be  debts  due  to  the  Institution,  and  may 
be  recovered  by  the  Treasurer. 

54.  In  the  case  of  any  Member  or  Associate  who  has  ^^^on'in 
been  long  distinguished  in  his  professional  career,  but  oertain  cases, 
who,  from  ill  health,  advanced  age,  or  .other  sufiiciont 

-cause,  does  not  continue  to  carry  on  a  lucrative 
practice,  the  Council,  if  they  think  fit,  may  remit  the 
annual  subscription  of  such  Member  or  Associate,  and 
they  may  remit  any  arrears  due  by  him.  Any  such 
•case  must  be  considered  and  reported  upon  to  the 
Council  by  a  Committee  appointed  by  the  Council  for 
the  purpose. 

55.  The  Council  may  refuse  to  continue  to  receive  Councflmay 
the  subscription  of  any  person  who  shall  have  wilfully  ra^^^7n 
acted  in  contravention  of  the  regulations  of  the  Institu-  °^^^^^^  ^ 
tion,  or  who  shall,  in  the  opinion  of  the  Council,  have 
been  guilty  of  such  conduct  as  shall  have  rendered  him 
unfit  to  continue  to  belong  to  the  Institution,  and  may 
remove  his  name  from  the  Register,  and  he  shall  there- 
upon cease  to  be  a  Member,  Associate  Member,  Associate 
or  Student  (as  the  case  may  be)  of  the  Institution. 
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Meeting. 


To  delegate 
powers  to 
Council. 


Common  Seal. 


Notices. 


IndaoifiB  of 
Notioei. 


Section  IX.-OENERAL  POWERS  AND 
PROVISIONS. 

56.  Any  Extraordinary  or  Special  Meeting  of  the 
Institution,  duly  CiiUed,  shall  have  power,  by  a  majority 
in  number  of  the  persons  present  thereat  entitled  to- 
vote,  from  time  to  time,  to  review  the  decisions  or 
determinations  of  the  Council ;  to  remove  Members  of 
Council ;  to  expel  Members,  Associate  Members,  As8o> 
oiates,  Students,  or  Honorary  Members,  from  the 
Institution,  and  to  expunge  their  names  from  the  Roll ; 
and  to  delegate  to  the  Council  all  such  further  powers 
as  may  bo  considered  necessary  for  efficiently  performing 
the  business  of  the  Institution,  At  any  Extraordinary 
or  Special  Meeting  50  Members  shall  be  a  quorum. 

57.  The  Institution  shall  have  a  common  seal,  which 
will  be  under  the  charge  of  such  of  the  Office-Bearers  as 
the  Council  may  appoint,  and  all  instruments  bearing, 
the  seal  shall  be  countersigned  as  the  Council  shall 
direct. 

Section  X.— NOTICES. 

58.  Notices  requiring  to  be  served  by  the  Institution, 
upon  its  Members,  Associate  Members,  Associates, 
Students,  or  Honorary  Life  Members,  may  be  served 
either  personally,  or  by  leaving  the  same,  or  by  sending, 
them  through  the  post ;  and  notices  so  posted  shall  be 
deemed  to  have  been  duly  served.  No  Members, 
Associate  Members,  Associates,  Students,  or  Honorary 
Life  Members,  who  have  not  a  registered  address  withia 
the  United  Kingdom,  shall  be  entitled  to  any  notice; 
and  all  proceedings  may  be  had  and  taken  without  notice 
to  any  such. 

59.  Notices  for  any  General  or  Extraordinary  or 
Special  Meeting  of  the  Institution  must  be  given  by 
the  Secretary  to  all  Members,  Associate  Members, 
Associates,  or  Honorary  Life  Members,  at  least  four 
days  before  such  meeting.  Notices  of  any  adjourned 
meeting  shall  be  given  at  least  two  days  before  the- 
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adjourned  meeting  is  held.  Such  notices  shall  specify 
the  nature  of  the  business  to  be  transacted  and  no  other 
business  shall  be  transacted  at  that  Meeting. 

CO.   Notices  for  any  meeting  of  Council  must  be  given  Notion, 
by  the  Secretary  at  least  four  days  before  such  meeting. 
Notices  for  the  meetings  of  Committees  shall  be  given  as 
the  Council  shall  direct. 

61.   In  computing  the  inducim  of  any  notice  the  day  ^^^5^****"* 
on  which  the  same  is  delivered  shall  be  reckoned  as 
an  entire  day 
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Form  A. 

Form  of  Recommendation  and  Undertaking. 

A.  B of being  upwards  of 

years  of  age  and  being  desirious  of  belonging  to  tho 
Institution  of  Engineers  and  Shipbuilders  in  Scotland, 
I  recommend  him  from  personal  knowledge  as  in  every 
respect  worthy  of  that  distinction  because  (here  specify 
distinctly  the  qualifications  of  the  Candidate  according^ 
to  the  spirit  of  Articles  5,  6,  7,  and  8). 

On  the  above  grounds  I  beg  leave  to  propose  him  to 
the  Council  as  a  proper  person  to  belong  to  the 
Institution. 

Member^ 

Dated  this day  of 19 

We,  the  undersigned,  from  personal  knowledge,  concur 
in  the  above  recommendation. 

Member, 

Member . 

I,  the  said  A  B.,  do  hereby  promise  that  in  the  event 
of  my  election  I  will  abide  by  the  Rules  and  Regula- 
tions of  the  Institution,  and  that  I  will  promote  the 
objects  of  the  Institution  as  far  as  may  be  in  my  power. 
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Form  B. 

Form  for  Transfer  from  one  Class  to  another. 

A.B of having  been  a 

of  the  Institution  of   Engineers  and   Shipbuilders  in 

Scotland   for years,    and    beins    desirous 

of  becoming  a of  the  Institution, 

we,  from  personal  knowledge,   recommend  him  as  in 

«very  respect   worthy   of   being  elected  a 

of  the  Institution. 


Member. 
..Member 
.Member, 


I,  the  said  A.  B.,  do  hereby  promise  that  in  the 
event  of  my  election  I  will  abide  by  the  Rules  and 
Regulations  of  the  Institution,  and  that  I  will  promote 
the  objects  of  the  Institution  as  far  as  may  be  in  my 
power. 


The  Council  having  considered  the  above  recommendation 
and  undertaking  approve  of  the  same. 

President  (or  Chairman). 

Dated  this day  of. 19 
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MEDALS  AND  PREMIUMS. 

1.   Each  of  the  two  Medals  founded  by  subscription,  JS^2^2& 
for  the  best  paper  in  the  Marine  and  Eailway  Engineer-  Medau. 
ing  Departments  respectively,  shall  be  awarded  by  the 
vote  of  a  General  Meeting,  not  oftener  than  once  in 
each  Session. 

2.  The  Council  shall  have  power  to  offer  annually  a  institation 
Medal  for  the  best  paper  on  any  subject  not  comprehended 
by  the  Marine  and  Railway  Engineering  Medals.  Such 
additional  medal  to  be  called  the  Institution  Medal,  and 
to  be  paid  for  out  of  the  Funds  of  the  Institution,  until 
a  Special  Fund  be  obtained.  This  medal  also  shall  be 
awarded  by  the  vote  of  a  General  Meeting. 

3.  If  it  shall  be  the  opinion  of  the  Council  that  a  whenMedaU. 
paper  of  sufficient  merit  has  not  been  read  in  a  particular  J^^^.^ 
department  during  any  Session,  the  Medal  shall  not  be 

given  in  that  department ;  and,  in  the  case  of  the  Marine 
and  Railway  Engineering  Medals,  the  interest  arising 
from  the  particular  Fund  shall  be  added  to  the  principal. 

4.  If  the  Person  to  whom  a  Medal  may  be  awarded  ,, ,  , 

"^  Medals  and 

shall  express  a  wish  to  receive  a  Bronze  Medal,  accom-  Books  Baaybe^ 

awarded. 

panied  with  the  extra  value  in  Books,  in  lieu  of  the 
ordinary  Gold  Medal,  the  award  shall  be  made  in  that 
form.  The  Council  may  recommend  premiums  of  Books 
in  lieu  of,  or  in  addition  to,  the  Gold  Medals.  The 
value  of  such  premiums  of  Books  to  be  determined  by 
the  Council. 


MANAGEMENT  OF  THE   LIBRARY. 
5.   The  Council,  at  their  first  Meeting  each  Session, 
shall  appoint  eight  of  their  number  to  form  a  Library  ^^SSt^e 


Appointment  oft 
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Committee,  one  of  the  eight  to  be  Honorary  Librarian 

and  Convener  of  the  Committee.     Three  Members  of 

the  Committee  shall  form  a  quorum. 

hS??S2^         6.  The  Secretary  of  the  Institution  shall  have  charge 

Library.  of  the  Library,  and   shall  also  act  as  Secretary  of  the 

Library  Committee. 
il?bm"°com-  '^'   ^hc  Library  Committee,  subjcct  to  the  sanction  of 

■mifctee.  the  Council,  shall  expend  in  Books  and  Library  expenses 

the  sums  placed  at  their  disposal,  and,  subject  to  the 
approval  of  tho  Council,  may  make  Bye-Laws  for  the 
management  of  the  Library,  and  appoint  Assistants. 
The  sum  of  £30  or  thereby  shall  be  expended  annually 
out  of  the  funds  of  the  Institution,  in  the  purchase 
of  Books  for  the  Library,  in  addition  to  the  ordinary 
expenditure  in  binding,  &c. 
SteSyQwmnit-  ^'  The  Library  Committee  shall  annually  make  an 
Beport^'^^'^  examination  of  the  property  in  connection  with  the 
Library,  and  report  to  the  Council,  detailing  the  state 
of  the  Library  affairs. 


LIBRARY  BYE-LAWS  AS   TO  USE  OF  BOOKS. 

When  Library  in  9.  Except  during  Holidays  and  Saturdays,  the  Lib- 
rary shall  be  open  each  lawful  day  from  1st  May  till  30th 
September  iaciusive,  from  9.30  a.m.  till  5  p.m.  On 
Saturdays  the  Library  shall  be  open  from  9.30  am.  till 
1  p.m.  On  the  1st  October  and  thereafter  throughout 
the  Winter  Session  the  Library  shall  be  open  each  law- 
ful day  from  9.30  a.m.  till  8  p.m.,  except  on  Meeting 
nights  of  the  Institution  and  Royal  Philosophical  Society, 
when  it  shall  be  closed  at  10  p.m.  The  Library  shall  be 
closed  for  the  Summer  Holidays  from  the  11th  July  till 
31st  July  inclusive. 

Who  may  10.   Books  shall  uot  be  lent  to  any  persons  except 

Members,  Associate  Members,  Associates,  Students 
or  Honorary  Members  of  the  Institution ;  but  a  person 
entitled  to  borrow  books  may  send  a  messenger  with 
a  signed  order. 


•borrow  bboki. 
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11.  The  books  marked  with  an  asterisk  in  the  Cata-  gSSSiSStioii 
logae  shall  be  kept  for  consultation  in  the  Library  only,  o"^- 

and  shall  not  be  lent. 

12.  The  Librarian  and  Assistant  Librarian  shall  take  Lftrananto 
their  instructions  from  the  SecreUry  of  the  Institution.  jg^^^<»»»*o» 
They  shall  keep  an  Accession  Book,  in  which  shall  be 

entered  the  particulars  of  all  books  purchased  for  or 
donated  to  the  Library. 

13.  The  Librarian,  or  Assistant  Librarian,  shall  keep  g^gi^^j^ 
a  Register,  in  which  he  shall  enter  the  titles  of  the  book  ^^  i«»* 
or  books  lent,  the  date  of  lending,  the  name  of  the 
borrower,  and  the  date  of  the  return  of  the  book  or 

books  to  the  Library. 

14.  The  borrower  of  the  book  or  books,  or,  in  his 

-  ,       -  ...  _  1     n      .        1  .  Borrower  to  sign 

absence,  the  bearer  of  his  order,  shall  sign  bis  name  to  for  books, 
the  entry  of  such  borrowing  in  the  Librarian's  Register. 

15.  The  Librarian,  or  Assistant  Librarian,  shall  sign  Lj|,„^rianto 
his  initials  to  the  date  of  the  return  of  the  book  or  certify  return  of 

books. 

books. 

16.  The  borrower  shall  be  responsible  for  the  safe 
return  of  the   book,   and    if   it  be    damaged   or  lost  S^ 


he  shall   make  good   such   damage   or   loss.      Should  intimation  to 

,      ,  1    .  J  1  ,.  .  IT.,      Library  Corn- 

books  be  returned  in  a  damaged   condition,    the   Lib-  mittee^and 

rarian,     or     Assistant     Librarian,    shall     immediately  borrower. 

make  an  entry  of  the  fact  in  the  Register,  and  report  the 

same  to  the  Library  Committee  without  delay ;  and  he 

«hall  give  notice  in  writing  of  such  entry>  and  report  to 

the  person  from  whom  he  last  received  tne  book,  within 

three  clear  days  of  the  receipt  of  the  book,  exclusive  of 

the  day  of  receiving  the  book  and  the  day  of  giving  such 

notice. 

17.  No  person  shall  be  entitled  to  borrow,  or  have  in  Number  of 
his  possession  at  one  time,  more   than  two  complete  brbSJ^w^^' 
works  belonging  to  the  Library,  or  two  volumes  of  any  **^®  **™®' 
periodical. 

18.  No  person   being  six   months   in    arrears   with  persons  in 

.      .  IT..  Arrears  of  8ub- 

his  subscription  to  the  Institution  shall  be  at  liberty  to  acription  not  to 

1      T  •!  -r*      •,•        T^  have  Use  of 

use  the  Library  or  Reading  Room.  library. 
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Timeboojwinaf  19.  No  borrower  shall  have  the  right  to  retain  a  book 
longer  than  thirteen  clear  days,  exclusive  of  the  days  of 
borrowing  and  returning;  and  written  notice  shall  be  sent 
to  the  borrower  one  day  after  the  time  has  expired.  In 
no  case  shall  any  book  be  kept  longer  than  twenty  clear 
days. 

toiwnwhen two       ^^*   ^^  *^®  cvent  of  two  or  more  persons  applying  for 

Sa^M^^k.  *'^®  ^^^  ^^^^  *^  *^®  ®*™®  ^'™®»  ^^®  applicants  shalJ^ 
draw  lots  for  priority. 

^trodncttoo  of        21.  Each  Member  shall  be  entitled  to  introduce  a  friend 

frittDat  to 

Beading  Boom,  to  the  Reading  Hoom,  whose  name  shall  be  written  id 
the  Visitors*  Book,  together  with  that  of  the  Member 
introducing  him. 

AMu^Bcrutiny  22.  All  books  belonging  to  the  Library  shall  be  called 
in  for  inspection,  and  the  lending  out  of  books  shall  be 
suspended  in  each  year  for  one  week,  being  the  last 
seven  clear  days  of  March ;  and  all  Members  shall  be 
required,  by  an  intimation  to  be  inserted  in  the  notice 
calling  the  preceding  meeting  of  the  Institution,  to 
return  all  books  in  their  hands  to  the  Library  on  or 
before  the  day  next  preceding  the  period  before  men- 
tioned. 

Note. — ^The  Library  and  Reading  Room  are  open  to  Members,. 
Associate  Members,  Associates,  and  Students ;  and  the  Library  of 
the  Philosophical  Society  is  open  for  consultation. 

WILLIAM  BROWN,  Convener.        E.  HALLBROWN. 

WM.  M.  ALSTON.  WILLIAM  MELVILLE. 

Pbof.  a  BARR,  D.Sc.  JOHN  STEVEN. 

W.  A.  CHAMEN.  JOHN  WARD. 

EDWARD  H.  PARKER,. 

Secretary, 

2l8t  April,  1903. 
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f^th  Oddber,  1906. 


Mb  John  Wabd,  Vioe-President,  said  he  regretted  that  con- 
tintied  ilkiess  preyented  their  late  President,  Mr  Archibald 
Denny,  from  being  present  that  evening  and  introducing  to  them 
his  successor,  Mr  James  Qilchrist.  Since  noon  of  the  previous 
day  he  (Mr  Ward)  had  travelled  a  good  many  hundred  miles  in 
order  to  be  present  that  evening,  to  join  them  in  wishing  for  their 
friend  and  new  President  a  very  helpful,  happy,  and  prosperous 
term  of  office.  Mr  Denny  was  about  to  leave  for  Egypt  in  search 
of  health,  and  he  had  been  requested  to  tell  the  Members  how  very 
real  and  lasting  was  the  regret  Mr  Denny  felt  at  his  inability  to  fill 
the  Ohair.  They  all  knew  what  it  was  at  some  time  or  other 
to  be  laid  aside,  perhaps  for  a  week,  or  a  month,  or  even  longer, 
but  when  the  months  slipped  into  years,  as  they  had  done  in  th«ir 
late  President's  case,  it  became  very  hard  to  bear.  Had  Mr 
Denny  been  able  to  fill  the  Chaur  he  would  have  justified  the 
hopes  they  had  regarding  him  when  they  gave  him  that  honour. 
It  was  hoped  his   sojourn  abroad  would  bring    him   renewed 
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health,  and  should  this  be  so,  he  could  be  counted  upon  to  do  his 
utmost  in  the  days  to  come  to  help  the  work  of  the  Intitution,  of 
which  they  were  all  so  proud.  Ilhiess  was  not  a  desirable  thing, 
but  one  effect  was  to  link  closer  together  those  who  took  up  the 
work  when  the  leader  or  chief  fell  out  of  the  ranks  for  the 
time  being.  Mr  Denny  had  asked  Mr  Gilchrist,  when  he  felt 
ill-health  coming  upon  him,  to  act  for  him  as  Chairman  of  the 
Council,  and  during  that  time  Mr  Gilchrist  had  fulfilled  the 
duties  attached  to  that  office  faithfully  and  well.  It  had  been  a 
good  apprenticeship  for  the  honour  which  had  now  come  to  him — 
an  honour  which  he  was  quite  sure  Mr  Gilchrist  valued  very 
highly.  Mr  Gilchrist  was  the  unanimous  choice  of  the  Members, 
and  they  believed  he  would  fully  justify  by  deeds  their  faith 
in  him.  There  was  no  need  for  him  to  formally  present  Mr 
Gilchrist  to  the  Members.  Those  who  knew  him  longest  esteemed 
him  highest.  He  had  grown  grey  in  the  profession,  and  ranked 
to-day  as  an  outstanding  captain  of  industry  of  engineering  and 
shipbuilding.  From  the  experience  garnered  in  the  past  years, 
Mr  Gilchrist  should  prove  a  very  faithful  help  and  strength  to  the 
Institution  and  its  Members.  Without  further  words,  he  had 
very  much  pleasure,  indeed,  in  introducing  Mr  Gilchrist  as  their 
President,  and  again  wishing  for  him,  in  their  name,  a  most 
happy  and  prosperous  term  of  office. 

The  President  took  the  Chair  amid  continuous  applause,  and 
said  he  was  not  quite  sure  how  to  express  his  thanks  for  the 
extremely  kind  manner  in  which  they  had  received  the  remarks 
which  had  been  made  by  his  good  friend  Mr  Ward.  Those 
remarks  had  been  more  than  kind,  and  he  could  only  hope  that 
during  his  term  of  office  he  would  so  conduct  himself  as  to  give 
satisfaction  to  the  Members.  If  he  could  manage  that  he  would 
do  well.  He  thanked  the  Members  very  much  for  the  kind  appre- 
ciation of  the  remarks  which  Mr  Ward  had  made,  and  to  Mr 
Ward  for  the  more  than  kind  way  in  which  he  had  said  them. 
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Gentlemen, — On  taking  the  chair  for  the  first  time  as  your 
President,  I  have  to  thank  you  for  the  great  honour  you  have  con- 
ferred upon  me ;  but  I  approach  the  duties  with  fear  and  trembling 
and  a  deep  sense  of  my  own  unworthiness,  especially  when  I  look 
back  upon  the  long  list  of  presidents  who  have  preceded  me,  men 
who  were  in  the  front  rank  of  their  profession,  and  distinguished 
by  their  high  scientific  attainment — and  although  many  of  them 
have  passed  away,  their  works  remain  as  a  valuable  legacy. 
When  I  think  of  what  these  men  have  been  to  the  Institution,  and 
compare  their  work  with  my  best  efiorts,  I  fear  I  shall  come  far 
short  of  your  expectations.  Fortunately,  I  have  exceptionally  able 
colleagues  as  members  of  my  Council,  who  are  deeply  interested 
in  the  welfare  of  the  Institution,  and  upon  whose  help  I  can  con- 
fidently rely. 

For  the  last  two  years  the  Institution  has  been  deprived  of  its 
President,  owing  to  severe  and  long  continued  illness.  In 
April  1904,  when  arrangements  were  being  made  for  the  annual 
election,  Mr  Denny  had  so  far  improved  in  health  that  he  antici- 
pated being  able  to  take  up  the  duties  of  President  in  October. 
Consequently,  he  was  unanimously  re-elected,  but  when  the 
opening  of  the  Session  arrived  he  was  not  sufficiently  strong  to 
take  up  the  duties.  Mr  Ward  (our  good  friend  and  Vice-President) 
occupied  the  chair,  and  in  his  opening  remarks  said  that  Mr 
Denny  was  then  improving,  and  that  complete  recovery  would 
come  in  due  time.  Naturally,  everyone  was  buoyed  up  with  the 
hope  of  his  return  to  the  Presidential  chair ;  but,  unfortunately, 
last  Session  slipped  past,  and  still  he  was  not.  Mr  Denny 
has  suffered  much  bodily  pain,  and  I  am  sure  that  the  disappoint- 
ment at  the  non-fulfilment  of  his  cherished  hope  to  carry  on 
the  work  of  the  Institution  as  he  intended,  has  given  him 
j&  deal  of  mental  anxiety,  which  very  probably  may  have  retarded 
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his  recovery.  I  understand  that,  although  not  yet  restored 
to  his  usual  health,  he  is  making  satisfactory  progress.  He  has 
all  the  sympathy  and  best  wishes  of  the  Members,  and  I  fervently 
hope  that,  ere  long,  he  will  again  be  able  to  attend  the  general 
meetings. 

The  Institution  is  now  entering  on  the  forty-ninth  Session,  and 
it  is  pleasant  to  know  that  it   is  still  progressing,    not  only  in 
respect  to  membersship,  but  also  in  the  matter  of  finance.     The 
large  influx  of  Members  to  the  Institution  has  given  the  Coun- 
cil a  great  deal  of  concern,  owing  to  the  present  premises  being 
too  small  for  their  accommodation.      These  buildings  are  held 
conjointly,  one-half  each,  by  the  Eoyal  Philosophical  Society  and 
the  Institution  of  Engineers  and   Shipbuilders  in  Scotland,  and 
were    formally    opened    in    1880.       At    that    time     they    were 
considered   large   enough    for  all   the   purposes    of   both    Insti- 
tutions, but    as  the  membership  of  both  Societies    has    greatly 
increased,    your    Council  considered    that  a  separation    of  the 
two  bodies  was  expedient,  and  that  either  one  or  the  other  should 
take  over  the  existing  premises.      Accordingly,  during  the  last 
two  years  many  meetings  have  taken  place  between  representa- 
tives of  the  Boyal  Philosophical  Society  and  of  the  Institution, 
with  the  view  of  coming  to  some  amicable  arrangement.     It  wa& 
ultimately  decided   to  offer  the  Boyal  Philosophical   Society  a 
certain  sum  for  its  interests,  or  that  it  should  accept  the  same  amount 
for  the  Institution's  rights.  The  Councils  of  the  two  Societies  agreed 
upon  the  latter  course,  and  it  now  rests  with  the  Members  of  each 
body  to  ratify  the  action  of  their  respective  Councils.    The  agree- 
ment, which  has  been  signed  by  both  Councils,  is  that  the  Philoso- 
phical Society  pays  the  Institution  £4,000  for  its  half  share  of  the  pro- 
perty, and  that  the  Institution  shall  occupy  the  premises  as  tenants 
for  two  years  at  a  rental  of  £100,  plus  £120  for  services  rendered, 
making  in  all  £220  per  annum.     As  already  stated,  this  agreement,, 
however,  requires  the  confirmation  of  the  Members  of  both  bodies, 
and  for  this  purpose,  special  or  extraordinary  meetings  will  be 
called.    At  present,  it  would  be  rather  premature  for  me  to  say 
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anything  farther.  The  Council  of  the  Institation  has  appointed 
a  small  committee  of  gentlemen,  experts  in  land  and  property, 
who  are  looking  out  for  a  site  suitable  for  its  requirements,  and 
soon,  such  a  scheme  as  will  recommend  itself  to  all,  will  be  placed 
before  you.  I  may  say,  however,  that  the  Council  are  desirous  of 
erecting  a  building,  commodious  within,  handsomely  designed,  and 
one  worthy  of  the  Institution,  and  which  will  also  be  a  lasting 
ornament  to  the  greatest  engineering  and  shipbuilding  city  in  the 
-world. 

In  connection  with  the  proposed  removal,  it  may  be 
interesting  to  place  on  record  the  number  of  Members  on  the 
roll  at  the  dates  of  previous  removals.  The  Institution 
was  founded  in  1857,  and  meetings  were  held  in  Anderson's 
University,  204  George  Street,  Glasgow,  the  first  President 
being  Professor  W.  J.  Macquom  Bankine,  C.E.,  whose  works 
on  civil  and  mechanical  engineering  are  known  throughout  the 
world: — 

Sessi&tt,  1857-58, 

Members,  118 

Associates,  1 

Graduates,  8 


127 


In  1868,  during  the  Presidency  of  the  late  Mr  J.  M.  Gale,  the 
place  of  meeting  was  removed  to  the  Corporation  Buildings, 
Dalhousie  Street: — 

Session,  1868'S9, 

Members, 313 

Associates,  49 

Graduates,  14 


376 


An  increase  of  249. 
Then,  again,  in  1880,  when  the  late  Mr  J.  L.  E.  Jameson,  of  the 
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famous  firm  of  Bandolph,  Elder  &  Co.,  was  President,  the  present; 
buildings  were  opened : — 

Sesrian,  1880-81. 

Members,            378 

Associates,           85 

Graduates,           128 

641 
A  further  increase  of  165. 

At  the  close  of  last  Session,  the  numbers  were  as  follows : — 

Sessim,  1904-06, 

Members,            1031 

Associate  Members,       127 

Associates,          91 

Students, 202 


1451 
An  increase  of  901  during  the  occupation  of  these  buildings. 

From  such  a  large  membership,  changes  in  the  roll  must  be* 
expected,  and  I  regret  to  say  that  during  the  past  year,  death 
has  removed  from  our  midst  ten  Members : — James  Foster,  James 
Gray,  E.  Hunt,  David  M'Call,  John  F.  Miller,  Edmund  Mott, 
William  Eobertson,  G.  L.  Watson,  John  J.  Wilson,  and  John  Young ; 
one  Associate  Member — George  Anderson;  and  one  Associate — 
James  Napier;  of  whom  you  will  find  special  mention  in  the 
Obituary  of  last  Session's  Transactions. 

Since  the  last  volume  was  printed,  two  more  of  our  old  members 
have  passed  away,  Mr  Thomas  M.  Welsh,  the  engineering  partner  of 
Messrs  A.  &  J.  Inglis,  Ltd.,  who  died  on  25th  September,  1905, 
aged  70  years ;  Mr  Welsh  joined  the  Institution  in  1869.  On  the 
same  day,  Mr  James  Anderson,  of  Messrs  Lees,  Anderson  &  Co.,. 
died,  aged  59  years  ;  Mr  Anderson  joined  as  a  Graduate  in  1874, 
and  became  a  Member  in  1880.     The  Institution  has  also  lost  The 
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Bighfc  Hon.  Lord  Inverclyde,  an  Associate.  He  died  on  8th 
October,  aged  44  years.  Although  his  lordship  only  joined 
the  Institution  in  1904,  it,  in  common  with  the  community  of 
Glasgow,  mourns  his  loss,  for  the  Council  hoped,  and  he  had  prom- 
ised, that  be  would  take  a  deep  interest  in  the  welfare  of  the 
Institution,  but  it  was  not  to  be. 

With  your  permission,  I  should  like  to  allude  to  some  of  the 
papers  which  have  been  read  during  the  past  two  Sessions. 
During  1903  and  1904,  ten  papers  were  read,  and  last  Session 
nine,  embracing  such  subjects  as  Superheated  Steam,  Valve  Gears, 
Marine  Propellers,  Properties  of  Eadium,  Mercury  Vapour  Lamp, 
Uses  of  the  Integraph  for  Ship  Calculations,  Eailway  Crossings, 
Motor  Cars,  The  Smoke  Problem,  Eepairing  Engines  at  Sea, 
Transmission  of  Power  by  Bopes,  Steam  Turbines,  Estimating 
Strength  of  Ships,  Compounding  Locomotives,  Gyroscopic  Action 
of  Steam  Turbines,  and  Gyrostats  and  Gyrostatic  Action.  These 
papers,  covering  a  large  variety  of  subjects,  were  extremely  inter- 
esting and  instructive,  several  of  them  bringing  forth  lively  dis- 
cussions, which  were  carried  on  in  the  friendliest  spirit.  The 
authors  well  deserve,  as  they  have  already  received,  the  thanks  of 
the  Institution. 

Many  people  not  associated  with  the  Institution  are  under  the 
erroneous  impression  that  because  the  word  ''engineers"  is 
coupled  with  shipbuilders  in  the  name  of  the  Institution, 
that  it  only  allows  marine  engineers  to  enter  its  ranks. 
I  would  request  every  one  to  correct  this  error  on  every  possible 
occasion.  It  will  be  seen  that  the  list  of  Members  contains  the 
names  of  marine,  land,  locomotive,  mining,  hydraulic,  sanitary, 
gas,  and  electric  engineers,  also  a  large  number  of  civil  engineers ; 
consequently,  the  word  ''engineers,"  as  used  by  the  Institution,  is 
of  the  most  comprehensive  character.  Having,  therefore,  such  a 
large  fbld  to  draw  upon,  the  Council  desires  the  hearty  co- 
operation of  every  Member  in  endeavouring  tc  add  to  the  roll, 
praotieal  and  scientific  men  from  each  of  the  aforementioned 
branches  of  engineering. 
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Of  the  value  of  snoh  an  Institution  as  this  there  oan  be  no 
doubt.  Those  who  are  engaged  in  designing  and  construction 
work,  of  whatever  kind,  have  the  advantage  of  bringing  their 
ideas  and  their  difficulties  before  their  professional  brethren 
where  they  can  be  discussed,  and  anything  unsound  fully 
criticised.  It  is  only  by  attending  meetings  of  this  kind,  and  by 
reading  the  transactions  of  similar  societies  (many  of  which 
may  be  found  in  the  Library),  that  the  engineer  is  enabled  to 
keep  himself  informed  of  the  progress  of  science  and  the  develop- 
ment of  manufactures.  With  respect  to  progress,  much  has  been 
accompHshed  during  the  last  few  years.  Steamers  have  increased 
enormously  in  size  and  power,  and  the  introduction  of  the  twin 
and  triple  screws  have  enabled  the  enginner  to  apply  power  on 
board  ship  hitherto  undreamed  oL  Consequently  the  speed  of 
vessels  both  in  the  navy  and  mercantile  marine  has  been  greatly 
increased.  The  adoption  of  larger  vessels  has  necessitated  the  re- 
modelling and  enlargement  of  shipyards  and  engine  works,  the 
condemnation  of  old  and  obsolete  tools,  and  the  substitution  of 
new  and  **  up-to-date  "  plant,  driven  by  electricity  instead  of 
steam. 

Steam  turbines  are  now  being  largely  introduced  instead 
of  the  triple  and  quadruple  reciprocating  engines  on  board  ship,  and 
the  results  obtained  have  been  somewhat  phenomenal.  At  present, 
the  results  are  known  only  to  a  favoured  few.  Speed  has  been 
well  announced,  but  reliable  information  regarding  initial  cost, 
upkeep,  and  coal  consumption  has  not  yet  been  given.  To 
Messrs  William  Denny  &  Bros.,  Dumbarton,  belong  the  credit 
of  introducing  turbines  into  the  mercantile  marine.  They  have 
spent  much  time,  labour,  and  expense  in  bringing  turbine-driven 
ships  to  their  present  efficiency.  All  honour  is  due  to  Mr 
Parsons  for  his  indomitable  perseverance  in  perfecting  his  inven- 
tion ;  but  without  the  valuable  aid  of  Messrs  Denny  the  turbine 
would  not  have  created  such  a  sensation  among  marine  engineers 
and  shipowners.  Quite  recently  Mr  William  Gray  read  a  most 
Interesting  and  valuable  paper,  before  the  Institution  of  Naval 
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Architects,  on  "A  Comparison  of  the  Performances  of  Turbines 
and  Eeciprocating  Engines  in  the  Midland  Bailway  Company's 
Steamers."  These  vessels  were  built  for  the  Irish  and  Isle  of 
Man  services ;  two  were  equipped  with  turbines,  and  two  with 
reciprocating  engines.  In  that  paper,  Mr  Gray  showed  that  the 
best  results,  so  far  as  speed  is  concerned,  were  obtained  by  the 
turbines,  that  the  vibration  always  present  with  the  reciprocating 
engine  is  entirely  done  away  with,  that  the  difference  in  weight 
is  considerably  in  favour  of  turbines,  and  that  the  saving  in 
coal  by  their  use  is  'from  8  to  9  per  cent.  Mr  Gray  also  says — 
''The  difference  in  the  initial  cost  of  the  turbines  is  not  great, 
being  l^  per  cent,  of  the  total  cost  of  hull  and  machinery." 
That  statement  I  think,  requires  some  explanation,  as  my  firm 
offered  recently  for  a  steamer  having  four-cylinder  triple-expan- 
sion twin-screw  engines  of  4,800  i.h.p.,  with  an  alternative  offer 
for  propulsion  by  turbines.  Messrs  Parsons'  offer  was  63*7  per  cent, 
higher  than  the  cost  of  reciprocating  engines,  44  per  cent,  higher 
for  total  machinery,  and  19  per  cent,  higher  for  total  cost  of  hull 
and  machinery. 

Shipowners  and  marine  engineers  are  looking  forward  with  very 
great  interest  to  the  performances  of  the  two  large  Cunard  steamers, 
''Caronia"  and  *'Carmania."  These  vessels,  I  am  informed,  are 
of  exactly  the  same  dimensions,  are  built  from  the  same  model, 
and  have  the  same  kind  of  boilers  fitted — the  first-named  being  pro- 
pelled by  reciprocating  twin-screw  engines,  whilst  the  latter 
has  three  propellers  driven  by  turbines.  As  both  ships  will  be 
driven  across  the  Atlantic  on  the  same  *  station,  accurate  and 
reliable  results  of  the  most  valuable  nature  will  be  obtained. 
The  two  large  turbine  vessels  already  running  on  the  North 
Atlantic  have  done  good  work,  and  are  greatly  favoured  by 
passengers  owing  to  the  absence  of  vibration,  but  it  is  rumoured 
that  the  coal  bill  is  much  heavier  than  was  anticipated.  To- 
night Mr  Edward  M.  Speakman  will  deliver  a  paper  on  the 
^*  Determination  of  the  Principal  Dimensions  of  the  Steam 
Turbine,  with  Special  Eeference  to  Marine  Work,"  from  which 
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some  light  may  be  thrown  on  the   darkness  surroundmg  thi» 
subject. 

Since  the  general  adoption  of  electricity  for  lighting  pur- 
poses, many  schemes  have  been  devised  for  the  use  of  this  as  yet 
unknown  power.  Cranes,  lathes,  planing  machines,  drilling 
machines,  punching  machines,  shearing  machines,  and  in  short, 
all  kinds  of  plant,  for  shipbuilding,  bridgebuilding,  coal  and  rock 
cutting,  or  for  engineering  establishments  are  now  driven  by  electric 
power.  The  conversion  of  the  old  steam  plant  to  the  new 
electric  plant  has  called  forth  the  best  efforts  of  electrical  experts^ 
and  BO  far  they  have  every  reason  to  be  proud  of  their  achieve- 
ments. The  citizens  of  Glasgow,  as  well  as  the  inhabitants  of  many 
other  dties,  also  thank  them,  for  without  their  aid  the  splendid 
systems  of  tramways  would  not  exist. 

Air  compressors  for  pneumatic  plant  are  now  coming  well  to  the 
front.  Most  of  the  large  shipbuilding,  bridgebuilding,  and  boiler- 
making  firms  are  now  using  compressed  air  for  boring,  riveting, 
and  caulking,  with  marked  success,  and  the  various  makers  of  air 
compressors  are  experiencing  a  healthy  competition  as  to  who 
shall  command  the  market.  Undoubtedly,  the  work  accomplished 
by  pneumatic  tools  is  of  a  very  high  order,  but,  imfortunately,  up 
to  the  present  time  the  upkeep  of  such  plant  is  so  great  that  no 
economy  (except  in  time)  has  resulted.  I  know  that  this  state- 
ment may  be  questioned,  but  from  my  own  experience  and  that  of 
several  of  my  friends,  the  fact  remains,  particularly  in  regard  to 
caulking,  the  economy  of  time  saved  being  swallowed  up  by  the 
cost  of  the  upkeep  'of  the  tools.  Many  engineers  of  marked 
ability  are  at  present  "steeping  their  brains"  as  to  the  best 
manner  of  rectifying  these  objections,  and  I  am  confident  that 
their  united  efforts  will  ultimately  be  crowned  with  success,  not- 
withstanding that  the  subject  involves  many  difficulties,  practical 
and  theoretical 

Locomotive  builders  have  also  been  advancing  with  the  times^ 
and  have  made  giant  strides,  not  so  much  on  any  great  alteration 
in  design  as  in  excellence  of  workmanship  and  efficiency ;  and  the 
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rapidity  with  whioh  they  now  construct  locomotives  is   really 
nothing  short  of  wonderful. 

Machine  tool  makers  during  the  last  few  years  have  been  con- 
tinually designing  and  making  tools  necessary  for  the  various 
requirements  of  their  clients,  with  marked  success.  The  speed  now 
attained  in  cutting  material,  and  the  accuracy  with  which  it  can 
be  finished  has  enabled  the  engineer  not  only  to  produce  more  work 
in  a  given  time,  but  better  work.  To  machine  tool  makers, 
manufacturing  engineers  of  all  kinds  owe  a  deep  debt  of 
gratitude,  for  without  their  help  the  great  output  and  the  smooth- 
working  machinery  of  the  present  day  could  not  have  been 
accomplished. 

Gas  engines  have  now  been  largely  adopted  on  land,  many 
firms  having  fitted  up  special  gas  producing  plant  for  power 
purposes,  whilst  others  use  the  ordinary  illuminating  gas  of  the 
district.  This  latter  plan,  being  much  more  expensive,  is  only 
adopted  where  small  power  is  required.  This  carries  out  the 
prophetic  statement  of  our  deceased  and  highly  esteemed  friend 
— Mr  Eoulis — who  in  his  presidential  address  said — "There 
can  be  no  doubt  that  for  stationary  engines  the  gas  engine 
will  come  more  and  more  into  use,  supplanting  steam  engines 
and  resulting  in  a  great  economy  of  fuel  and  a  purer 
atmosphere."  Some  of  the  largest  firms  now  use  gas  engines  with 
producer  gas  for  driving  dynamos  which  supply  electricity, 
both  for  motive  power  and  for  lighting,  and  I  am  informed  that  one 
firm  has  not  a  steam  boiler  on  its  premises.  Gas  engines  with 
gas  producers  are  now  being  made  for  use  on  board  ship 
instead  of  steam  boilers  and  steam  engines.  An  installation  is 
now  being  made  in  Manchester,  for  the  Admiralty,  of  500  b.h.p., 
and  thoroughly  practical  and  searching  experiments  may  be 
expected  from  such  critics  as  the  scientific  staff  of  that  body. 
Messrs.  Beardmore  &  Co.  are  also  making  gas  engines  to  be  placed 
in  an  existing  Glasgow  steamer,  and  so  great  is  their  belief  in  its 
efficiency  that,  unless  the  new  installation  proves  more  economical 
in  every  respect  than  the  old  engines,  the  new  machinery  is  to  be 
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taken  ont  and  the  old  engines  replaced.  I  hope  that  Messrs. 
Beardmore  will  not  be  called  upon  to  do  such  disagreeable  work, 
but  that  the  anticipated  results  will  be  attained.  Hitherto,  much 
trouble  and  inconvenience  has  been  caused  by  the  tarry  residuals 
from  bituminous  coal  clogging  up  the  valves  and  passages,  but  ere 
long  efficient  purifiers  may  be  made  which  will  overcome  this  diffi- 
culty, for  to  use  anthracite  or  dear  coal  makes  the  system  very 
expensive. 

The  Extraordinary  Meetings  which  were  held  at  the  close  of  the 
last  Session,  relative  to  the  requirements  of  the  Board  of  Trade,  as 
to  the  training,  experience,  and  efficiency  of  young  engineers  before 
being  eligible  for  a  second-class  certificate  of  competency,  were  not 
so  well  attended  as  the  Council  expected,  consequently  the  discus- 
sion was  confined  to  few  speakers.  The  subject  is  one  of  vital 
importance  to  the  prosperity  of  the  mercantile  marine,  as  no 
steamer  should  be  allowed  to  go  to  sea  without  a  thoroughly 
efficient  staff  in  the  engine  room ;  especially  in  these  days,  when 
there  are  so  many  auxiliary  machines  on  board  ship,  such  as 
centrifufzral  engines,  separate  feed,  bilge,  and  ballast  pumps, 
electric,  hydraulic,  and  refrigerating  engines,  also  feed-heaters, 
evaporators,  distillers,  grease  extractors,  &o.,  all  of  which  require 
special  attention,  and  unless  the  engineer  understands  the 
mechanism  and  the  nature  of  the  work  to  be  done  by  each  machine, 
want  of  efficiency  is  bound  to  result,  and  the  expectation  of  the 
shipowner  greatly  disappointed.  This  subject  has  been  consigned 
to  the  care  of  the  representatives  of  the  Institution  on  the 
Consultative  Committee  of  the  Board  of  Trade,  and  they,  along 
with  their  colleagues  from  the  Institution  of  Naval  Architects  and 
the  North  East  Coast  Institution  of  Engineers  and  Shipbuilders, 
will  no  doubt  bring  such  evidence  before  the  Board  of  Trade  as 
will  enable  that  body  to  come  to  such  a  settlement  regarding  this 
subject  as  will  be  satisfactory  to  all  concerned. 

In  all  institutions  like  this,  there  are  always  ''grumblers" — 
people  dissatisfied  because  everything  is  done  differently  from  what 
they  would  do.     Strangely  enough,  these  are  the  people  who  do 
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nothing,  except  oomplain,  and  to  all  suoh  I  say — Amend  your 
ways.  The  commonest  complaint  is  one  regarding  the  nature  of  the 
papers  read;  they  are  either  too  scientific,  or  else  very  un- 
interesting. But,  gentlemen,  the  remedy  is  in  your  own  hands— 
correct  it  at  once.  The  members  of  the  Committee  on  Papers 
deserve  the  highest  praise  and  thanks  for  the  time  they  spend  in 
reading  and  selecting  papers  worthy  of  being  put  before  the 
Institution,  whilst  the  contents  of  the  Transactions,  year  after 
year,  speak  for  the  excellence  of  their  selection. 

I  have  already  referred  to  the  various  industries  represented 
by  the  Members  of  the  Institution.  From  these  Members  there 
ought  to  be  no  difficulty  in  getting  papers  representative  of  their 
work. 

Last  Session,  an  innovation  was  introduced  in  the  form  of  a 
Smoking  Ck)ncert.  Many  Members  considered  that  the  ordinary 
meetings  in  the  lecture  hall,  once  a  month,  were  cold  and  formal, 
and  gave  no  opportunity  of  association  one  with  another — that, 
in  short,  the  friendly  feeling  and  brotherly  kindness  which  should 
be  characteristic  of  such  an  Institution  was  conspicuously  absent. 
To  rectify  this,  it  was  decided  to  hold  a  Smoking  Concert  in 
the  Grosvenor  Eestaurant  on  the  3rd  of  March.  Mr  John 
Ward  presided,  and  the  attendance  was  highly  satisfactory, 
about  300  being  present  The  programme  was  an  excel- 
lent one,  thoroughly  enjoyed,  and  there  was  ample  evidence 
that  the  success  of  such  meetings  was  assured.  On  the  even- 
ing of  Friday,  the  13th  of  this  month,  another  such  entertain- 
ment took  place,  over  which  I  had  the  honour  to  preside.  There 
was  a  much  larger  attendance  than  on  the  former  occasion — 400 
being  present,  and  all  agreed  that  such  social  gatherings,  where 
Members  could  be  introduced  to  each  other  and  freely  indulge  in 
friendly  conversation,  were  conducive  in  many  ways  to  the  welfare 
of  the  Institution,  and  ought  to  be  regularly  continued.  In 
furtherance  of  this  good  object,  the  Council  has  arranged  to 
hold  a  Conversazione  and  Dance  in  the  St.  Andrew's  Halls  on 
Friday,  the  10th  November.    Former  meetings  of  this  kind  have 
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been  well  patronized  and  highly  successful,  and  it  is  earnestly 
hoped  that  the  coming  one  may  be  the  most  successful  of  alL 

The  Graduates'  Section,  or,  as  it  is  now  named,  the  Students' 
Section,  has  always  been  to  me  of  special  interest.  I  became  a 
Graduate  in  1866,  and,  when  in  1874  the  Association  of  Assistant 
Engineers,  of  which  Association  I  was  then  President,  amalga- 
mated with  the  Graduates'  Section,  I  was  chosen  as  the  first 
President  of  that  Section.  It  is,  therefore,  very  gratifying  to  me 
to  be  able  to  state  that  our  Students'  Section  is  being  carried 
on  with  greater  success  than  ever  under  the  Presidency  of 
Mr  B.  Hall  -  Brown,  who  has  been  unremitting  in  his  efforts  to 
raise  the  standard  of  the  meetings.  Last  Session  seven  meetings 
were  held,  and  the  papers  read  were  of  high  merit,  extremely 
interesting,  and  such  as  brought  forth  lively  discussions. 
From  the  Eeport  of  the  Council,  which  you  have  now  in  your 
hands,  you  will  observe  that  43  students  were  elected  during  the 
year,  whilst  12  students  were  transferred  to  the  class  of  Associate 
Members,  and  11  to  the  class  of  Members.  These  transfers  are 
necessary  and  expedient,  as  it  is  on  the  Students  that  the  future 
greatness  of  the  Institution  depends.  The  young  engineer  of  the 
present  day  has  indeed  many  advantages  which  his  forefathers  had 
no  opportunity  of  enjoying,  and  as  brain  power  and  intelligence 
must  be  dominating  features  in  the  industrial  warfare  of  the  future, 
it  is  absolutely  necessary  that  he  must  train  his  faculties. 

The  Universities  and  Technical  Colleges  of  this  country  have 
now  been  splendidly  equipped  for  teaching  the  science  of 
engineering,  and  up-to-date  machinery  has  been  annexed  to  them 
for  imparting  technical  instruction.  Much  diversity  of  opinion 
exists  regarding  the  proper  period  for  the  training  of  students 
attending"  such  classes.  Some  say  that  it  should  be  immediately 
after  leaving  school,  whilst  others  affirm  that  a  more  perfect  know- 
ledge of  the  theory  of  mechanics  can  be  grasped  after  an 
apprenticeship  and  when  some  knowledge  of  practical  work  has  been 
gained.  At  whatever  time,  either  before  or  after  an  apprenticeship, 
it  is  now  compulsory  for  success,  that  every  young  man  must  have  a 
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good  theoretical  traming,  for,  as  I  have  already  said,  brain  power 
and  not  handiwork  is  the  neoessity  of  the  age.     Dr.  Gaird,  in  his 
opening  address,  said — "It  is  the  opinion  of  the  great  majority 
of  engineers  in  this  country  that  it  is  only  by  a  systematic  training 
in  scientific  and  technical  subjects,  as  well  as  in  business  methods 
and  in  workshop  management,  that  we  can  hold  our  own  against 
the  vigorous,  skilfully  directed,  and  amply  subsidised  attacks  of 
our  foreign  rivals,"  and  what  Dr.  Caird  said  about  foreign  rivals, 
is  equally  applicable  to  the  vigorous  efforts  which  we  all  make  to 
produce  work  cheaper  than  our  own  immediate  neighboturs.     This 
rivalry  is  in  many  cases  to  be  deplored,  although  it  is  unquestion- 
ably stimulating,    and    such   Institutions   as  this,   where   ideas 
are  freely  expressed  and  discussed,  must  in  a  great  measure  level 
costs  of    production    and    minimise    rivalry.       In    an    address, 
recently  delivered  by  Mr  Henry  B.  Towne,  to  the  students  of 
Purdue  University,  he  said — "  The  true  function  of  the  engineer  is, 
or  should  be,  not  only  to  determine  how  physical  problems  may 
\ye  solved,  but  also  how  they  may  be  solved  most  economically. 
The  engineer  is,  by  the  nature  of  his  vocation,  an  economist.     His 
function  is  not  only  to  design,  but  also  so  to  design  as  to  ensure 
the  best  economical  result.     He  who  designs  an  unsafe  structure 
or  an  inoperative  machine,  is  a  bad  engineer;    he  who  designs 
them  so  that  they  are  safe  and  operative,  but  needlessly  expensive, 
is  a  poor  engineer,  and,  it  may  be  remarked,  usually  earns  poor 
pay;  he  who  designs  good  work,  which  can  be  exacted  at  fair  cost> 
is  a  sound  and  usually  successful  engineer ;  he  who  does  the  best 
work  at  lowest  cose  sooner  or  later  stands  at  the  top  of  his  profes- 
sion,   and    usually    has    the    reward    which   this   impUes."      A 
man  with  a  sound  theoretical  knowledge  is  undoubtedly  a  good 
man,  so  is  one  with  a  good  deal  of  practical  and  administrative 
ability,  but  what  is  wanted  is  men  having  both  these  capacities, 
coupled  with  energy,  zeal,  uprightness,  and  straightforwardness, 
in  all  their  actions. 

In  conclusion,  I  might  say  that  employers  should  train  yonng 
men  to  the  best  of  their  ability,  and  there  their  responsibility  ends. 
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HrD.C.  Hamilton. 

The  after  career  of  young  men  depends  entirely  on  their  own 
exertions,  but  I  earnestly  entreat  all  the  Students,  to  so  conduct 
themselves,  that  the  honour  and  dignity  of  this  Institution  may  be 
maintained  and  recognised  as  one  of  the  great  Technical  Societies 
of  Great  Britain. 

Vote  of  Thanks. 

Mr  D.  C.  HamiIiTOn  (Member  of  Council)  moved  a  vote  of 
thanks  to  the  President  for  his  able  Address,  which  was  both 
interesting  and  instructive.  Some  present  would,  no  doubt,  have 
liked  to  criticise  and  discuss  it,  but  he  supposed  that  that  was  out 
of  the  question.  The  President  had  mentioned  the  Graduates' 
Section,  and  had  told  them  that  he  was  the  first  President  of  that 
Section.  He  (Mr  Hamilton)  was  a  graduate  at  the  time  when 
Mr  Gilchrist  was  President  of  the  Section,  and  he  was  not  only  the 
first  President,  but  he  was  the  best.  He  (Mr  Hamilton)  was  sure 
that  they  all  wished  him  to  turn  out  the  best  President  of  the 
Institution  also. 

The  vote  of  thanks  was  carried  by  acclamation. 
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In  designing  any  turbine  installation,  the  first  and  most  essential 
step  is  to  estimate  the  highest  suitable  speed  of  rotation  in  order 
that  the  turbine  may  be  made  as  small  as  possible  for  any  given 
efl&cienoy.  While  there  is  now  no  great  difficulty  in  accurately 
determining  the  proportions  of  turbines  and  propellers  to  ensure 
certain  results,  with  ample  confidence  to  enable  a  stiff  guarantee 
to  be  made  both  for  speed  and  economy,  the  principal  dimensions 
involve  considerable  calculation,  and  much  attention  must  be 
devoted  to  the  efficiency  of  propulsion  if  the  best  results  are  to- 
be  obtained. 

Knowledge  of  propulsive  efficiency,  and  all  its  component  values 
for  various  classes  of  work,  is  essential  for  calculating  propeller 
dimensions,  and  thereby  amving  at  the  highest  revolutions  attain- 
able, for  it  is  only  when  the  rotary  speed  is  settled  that  the  best 
compromise  of  turbine  dimensions,  chiefly  in  the  matter  of  blading 
arrangements,  can  be  determined. 

Turbine  efficiency  and  propeller  efficiency  must  be  considered 

separately  and  also  together,  because  it  may  be  found  that  the 

use  of  revolutions  somewhat  below  the  maximum  obtainable  will' 

increase  the  combined  efficiency,  while  on  the  other  hand,  to  obtain' 

certain  advantages  in  weight  and  space,  this  efficiency  may  be 

slightly  sacrifieed  at  the  highest  speed,  and  it  is  necessary  to  kno\v 
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the  effect  of  such  modifications  on  the  design  and  performance. 
Boughly,  the  weight  of  the  turbines  will  vary  inversely  as  the 
square  of  the  revolutions,  while  the  economy  of  the  turbine  will 
remain  almost  constant  if  designed  for  the  same  internal  con- 
ditions; the  ef&ciency  of  the  propeller  will  be  slightly  improved 
as  the  revolutions  decrease  and  the  diameter  is  made  greater. 

In  electrical  work  the  design  of  generators  almost  invariably 
admits  of  very  convenient  speeds,  but,  in  marine  work,  the  size  of 
propeller  necessary  to  avoid  cavitation  imposes  a  much  lower 
limit,  with  which  the  size  of  the  turbine  is  greatly  increased. 
The  minimum  size  of  propeller  required  to  avoid  this  pheno- 
menon (and  its  attendant  inefficiency  due  to  increased  slip  and 
consequent  loss  of  thrust  at  the  higher  powers),  must  be  calcu- 
lated at  the  beginning  of  any  design,  as  it  is  almost  impossible  to 
assume  certain  revolutions,  and  later  on  to  design  a  propeller 
to  suit. 

Cavitation  is  partly  the  result  of  attempting  to  obtain  too  much 
work  per  square  foot  of  blade  area,  and  partly  of  excessive 
peripheral  speeds.  It  has  been  found,  by  bitter  experience 
occasionally,  that  there  is  a  narrow  limit  to  the  tensional  pressure 
possible  on  the  water,  per  unit  of  projected  area,  beyond  which  the 
propeller  efficiency  drops  very  rapidly.  This  pressure  is  approxi- 
mately from  10  to  12  lbs.  per  square  inch  at  a  depth  of  twelve 
inches  below  the  surface,  and  to  reduce  the  total  thrust  to  this, 
sufficient  blade  area  must  be  provided,  which,  in  conjunction  with 
certain  practical  proportions,  necessitates  a  certain  size  of  pro- 
peller, thereby  limiting  the  revolutions. 

Friction  and  slip  constitute  the  normal  losses  in  all  propellers, 
and  augmented  resistance  must  also  be  taken  into  account. 
This  latter  loss,  however,  is  materially  reduced  with  the 
smaller  diameters  of  propeller  found  in  turbine  work.  Comparing 
the ''  Manxman  "  with  the  "  Ulster" — a  Holyhead  mail  boat  of  simi- 
lar speed  and  power— the  total  disc  area  of  the  twin  propellers  of 
the  latter  is  226  square  feet  (for  two  12  feet  diameter  propellers), 
while  that  of  the  "  Manxman  "  is  only  about  80  square  feet.    If 
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the  thrust  deduction  is  proportional  to  the  absolute  area  of  the 
distnrbance  of  the  stream  lines  at  the  stern,  the  effect  on  the 
''Ulster"  will  be  far  greater  than  on  the  "Manxman,"  but  this 
action  is  to  some  extent  affected  by  the  intensity  over  the  disturb* 
ing  area  which  again  is  modified  by  the  proximity  of  the  propellers 
to  the  side  of  the  vessel,  this  being  less  in  turbine  work.  The 
disc  area  in  H.M.S.  "  Yelox  "  is  less  than  half  that  of  the  propellers 
in  ordinary  destroyers  of  the  same  power  and  speed.  Cavitation 
is  a  preventable  loss,  and  its  presence  on  many  vessels  with 
insufBicient  blade  area  may  be  deduced  from  the  falling  off  of  the 
thrust  curve  and  the  rapid  rise  in  the  slip  curve  above  a  certain 
«peed. 

From  the  analysis  of  numerous  trials  it  appears  that  the  pres- 
sure per  square  inch  of  projected  area,  when  reduced  to  twelve 
inches  immersion  of  tip,  due  to  the  effective  thrust,  is  approxi- 
mately 1  lb.  for  every  1000  feet  per  minute  of  circumferential 
velocity  of  blade  tips.  For  a  screw  of  a  given  pitch  ratio,  working 
at  its  maximum  efficiency,  this  velocity  should  be  proportional  to 
the  designed  speed  of  the  ship,  and  at  full  speed  the  pressures  seem 
to  have  hitherto  been  about  5  lbs.  per  square  inch  for  slow  cargo 
vessels,  from  6  to  7  lbs«  for  ocean  going  mail  steamers,  and  from  7*5 
to  8*6  for  cross-channel  steamers;  in  cruisers  and  battleships  they 
vary  from  8  to  10-5  lbs.  in  some  recent  notable  instances,  and  in  tor- 
pedo craft  from  9  to  11  lbs.  At  about  9  lbs.,  rather  less  possibly,  the 
lowest  suitable  limit  is  reached  for  turbine  screws ;  from  10  to  11  lbs. 
may  be  more  usual  in  fast  vessels,  and  though  even  from  12  to  14 
lbs.  has  been  known,  pressures  over  about  11  lbs.  always  seem  to 
be  accompanied  by  low  ef&ciencies.  In  large  ocean  going  vessels, 
which  may  be  delayed  by  head  winds  and  seas,  a  much  lower 
designing  pressure  should  be  used,  but,  in  destroyers,  as 
suggested  above,  something  may  be  sacrificed  at  the  maximum 
speed  to  obtain  other  advantages.  The  above  pressure  is  worked 
out  as  mean  pressure,  as  there  exists  no  method  of  determining 
the  local  intensity  per  square  inch,  though  the  tendency  of  the 
distribution  may  be  assumed  in  some  cases.    The  only  published 
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results  are  in  Bamaby's  papers  on  the  trials  of  H.&f.S.  ''Daring/; 
but  they  are  very  inconclusive  in  many  ways.  Fig.  1  is  submitted 
with  much  difBidence,  merely  as  an  illustration  of  the  values  of  this 
limiting  pressure. 

The  maximum  peripheral  speed  of  tip  ever  used,  I  think,  was- 
12,400  feet  per  minute  in  H.M.S.  "Viper;"  in  H.M.S.  "Velox"  it 
is  about  11,650,  and  in  the  <' Londondeny "  about  11,760,  but 
many  vessels  have  been  below  9000,  which  is  quite  normal  for 
ordinary  destroyer  practice. 

The  pitch  ratio  for  turbine  propellers  has  .been  purposely  mad» 
considerably  finer  than  usual.  Thus,  the  pitch  ratio  for  the 
''Emerald"  was  about  0*6;  in  channel  steamers  and  cruisers  of 
from  18  to  25  knots,  it  has  varied  from  O-b  to  1*0,  and  in  torpedo 
craft  from  10,  in  H.M.S.  "Velox"  to  1-35  in  H.M.S.  "Viper,'! 
and  1*6  in  H.M.S.  "  Cobra  ";  the  latter  vessels  having  1,  2,  and  ft 
screws  per  shaft  respectively  driven  by  identical  turbines,  the 
approximate  revolutions  at  full  speed  being  900,  1200,  and  1050^ 
for  27,  36,  and  31  knots  respectively  on  trial 

The  percentage  of  slip  has  varied  from  28  per  cent,  in  H.M.S^ 
"Viper,"  down  to  about  14  per  cent,  in  the  "Viking" — channel 
steamers  usually  having  about  from  17  to  24  per  cent.  For 
large  ocean  going  vessels,  about  16  to  20  per  cent,  may  be  used 
with  due  regard  to  other  considerations  of  propeller  efficiency. 
The  section  of  the  blades  should  be  carefully  designed  in  order  to 
try  to  obtain  a  shape  that  will  enable  as  high  a  mean  pressure  aa 
possible  to  be  adopted.  Becent  experiments  in  the  model  tank 
at  Washington,  O.C,*  seem  to  show  that  a  symmetrical  section, 
as  shewn  in  Fig.  2,  will  materially  increase  the  pressure  at  which 
cavitation  commences,  and  also  demonstrate  that  in  fine-pitch 
high  speed  screws  the  back  of  the  blade  should  receive  almost  aa 
much  attention  as  the  face.  This,  as  the  author  is  well  aware, 
is  no  new  idea,  but  there  have  been  repeated  indications,  especially 
in  the  trials  of  ordinary  torpedo  boat  destroyers,  that  while  the 
gain  may  not  be  great,  it  is  sufficient  to  merit  attentioiu  Mr^ 
*8ee  D.  W.  Taylor's  paper,  American  Soo.  N.A.,  1904. 
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Parsons  has  advocated  a  10  per  oent.  reduction  of  pitch  at  the 
blade  tip  in  order  to  avoid  excessive  local  thrust,  v^hich  might 
induce  early  cavitation,  but  there  seems  to  be  no  advantage  from 
departing  from  a  true  screw.  The  tendency  of  late  years,  in  recip- 
rocating engine  practice,  has  been  to  increase  the  ratio  of  projected 
to  disc  area  from  the  '2  of  Froude's  classic  screw,  and  the  *22  to  *26 
of  naval  practice,  to  about  *33 ;  destroyer  practice  is  included 
between  this  and  '37,  or  even  *4,  at  which  point  turbine  practice 
may  be  said  to  commence.  In  this,  even  from  -5  to  56  has  been 
used,  but  beyond,  about  -58  blade  interference  becomes  excessive, 
and  to  obtain  greater  area  a  larger  diameter  must  be  used. 

The  best  form  of  blade  is  still  undetermined.  In  the  photo  of 
the  stem  of  the  "  Lorena,"  Fig.  3,  will  be  seen  the  usual  shape 
adopted,  and  experience  seems  to  show  that  this  almost  curcular 
shape,  with  the  area  disposed  symmetrically  on  each  side  of  the 
centre  line,  and  with  the  generating  line  of  the  screw  at  right 
angles  to  the  axis,  gives  as  good  results  as  any  form. 

I  find  that  the  following  formula  will  give  the  diameter  of  a  tur- 
bine propeller  with  considerable  accuracy  when  the  effective  thrust 
along  the  shaft  is  known,  and  this  must  be  calculated  in  any  case 
if  the  steam  balance  of  the  turbine  is  to  be  good : — 

Diameter  of  propeller^  A/Effective  Thrust  in  lbs.  _  V  T 
in  feet  ^  Coefficient  ""      C 

This  coefficient  has  been  deduced  from  the  limiting  pressure 
per  square  inch,  and  the  ratio  of  projected  to  disc  area,  and  is 
given  in  diagram  form,  in  Fig.  4,  where  the  full  coefficient  400  -  900 
is  given  in  the  left  hand  scale,  and  values  of  C  or  v/Coefficient 
appear  in  the  right  hand  margin.  The  square  root  is  only  extracted 
for  simplicity  whereby  such  coefficients  as  30  are  obtained  for 
H.M.S.  "Viper";  while  for  the  '*  Manxman,"  that  for  the  centre 
screw  is  26*4,  and  for  the  wing  screws  about  28*75.  For  large 
ocean  going  vessels  with  lower  designing  pressures  these  values 
will  be  rather  less,  perhaps  about  22. 

The  following  table  gives  a  few  propeller  dimensions  and  the 
corresponding  coefficients,  which  the  Author  trusts  will  be  of  use 
in  designing  high  speed  screws. 
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Compared  with  above  values  of  C,  reoiprocating  engine  practice 
gives  snoh  figures  as  : — R  M.  S.  '<  Luoania/'  16*5  ;  H.  M.  S. 
** Diadem"  class,  17-5;  H.M.B.  "Exmouth"  class  19-0,  and 
standard  SO-knot  destroyers  of  6100  h.f.,  20*8 ;  all  of  which  have 
much  lower  ratios  of  projected  to  disc  area,  and  therefore  a  larger 
diameter  and  smaller  C  for  a  given  power.  Eegarding  these 
figures,  it  must  be  understood  that  C  is  an  approximation  only, 
and  owing  to  the  difficulty  of  obtaining  the  actual  power  in  each  shaft 
in  every  case,  cannot  be  considered  as  absolutely  accurate.  Pro- 
bably, however,  the  error  involved  is  under  2  per  cent.  It  seems 
likely,  to  some  at  present  undeterminable  extent  but  within  narrow 
limits  for  each  class  of  vessel,  that  the  propeller  efficiency  is  pro- 
portional to  the  coefficient  G,  and  this  seems  to  be  borne  out  by 
the  trials  of  the  **  Manxman  **  and  the  "  Londonderry." 

Effective  thrust  is  a  somewhat  subtle  subject,  and  our  know- 
ledge of  propulsive  efficiency  is  by  no  means  what  it  ought  to  be. 
These  considerations  will  undoubtedly  be  brought  into  far  greater 
prominence  in  the  near  future,  and  it  is  by  no  means  improbable 
that  the  Admiralty  or  certain  private  owners  will  require  soma 
definite  standard  in  this,  just  as  coal  or  steam  consumption  is 
regulated  at  present.  The  more  propeller  efficiency  is 
studied  and  understood  the  greater  will  be  the  improvement  in 
the  design  of  turbine  installations  for  marine  work ;  the  turbine 
itself  is  a  comparatively  secondary  consideration,  and  while  at 
present  propeller  dimensions  for  turbine  steamers  can  be  quite 
as  closely  determined  as  those  for  ordinary  work,  the  exact  pro- 
portions must  necessarily  largely  remain  subject  to  modification 
from  actual  experience. 

While  a  general  tendency  has  been  very  noticeable  towards 
increasing  the  propeller  diameter  and  reducing  the  revolutions, 
there  will  of  course  be  some  point,  at  present  undetermined,  at 
wiiich  the  triple  screws  used  in  turbine  work  will  be  distinctly 
less  efficient  than  ordinary  twin  screws.  Very  largely,  this  is  tho 
case  at  present  with  triple  screws  driven  by  piston  engines,  on 
account  of  excessive  thrust  deduction  and  interference,  but  probably 
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])dfore  this  point  is  reached  the  weight  of  the  turbines  will  have 
prevented  its  adoption. 

Having  obtained  the  diameter  of  the  propeller  and  the  revolu- 
tions possible,  the  design  of  the  turbine  can  then  be  undertaken, 
but  for  this  no  formulee  exist  at  present,  such  as  are  met  with  in 
reciprocating  engine  practice. 

Bestricting  attention  to  the  design  of  the  Parsons  type  of  tur- 
bine, a  few  notes  on  the  action  of  the  steam  among  the  blades  may 
be  of  interest.  Expanding  through  a  definite  range  of  tempera- 
ture and  pressure,  steam  exerts  the  same  energy,  whether  it  issues 
from  a  suitable  orifice  or  expands  against  a  receding  piston.  Two 
transformations  of  energy  take  place  in  the  steam  turbine — first, 
from  thermal  to  kinetic  energy ;  secondly,  from  kinetic  energy  to 
useful  work.  The  latter  alone  presents  an  analogy  to  the  hydraulic 
turbine,  the  radical  difference  between  the  two  lying  in  the  low 
density  of  steam  compared  with  water,  and  the  wide  variation  of 
its  volume  under  different  temperatures  and  pressures. 

Fig.  5  gives  a  sectional  elevation  of  a  marine  turbine  blading 
arrangement,  and  though  this  is  only  for  an  h.p.  cyclinder 
the  principle  is  exactly  the  same  throughout.  The  expansion, 
which  is  approximately  adiabatic  is  carried  out  in  this  annular 
<3hamber  from  A  to  B,  which  essentially  resembles  a  simple 
divergent  steam  nozzle,  but  with  this  difference,  that  whereas  in 
a  nozzle  the  heat  energy  of  the  working  steam  is  expended  upon 
itself  in  producing  high  velocities,  in  Parsons'  turbine  the  total 
expansion  is  subdinded  into  a  number  of  steps,  in  each  of  which 
3,  certain  dynamic  relationship  between  jet  and  vane  is  maintained. 
The  expansion  of  steam  at  any  one  stage  is  typical  of  its  working 
throughout  the  turbine.  Each  stage  consists  of  a  ring  of  stationary 
blades  which  give  direction  and  velocity  to  the  steam,  and  a  ring 
of  moving  blades  that  immediately  convert  the  energy  of  velocity 
into  useful  torque.  The  total  torque  on  the  shaft  is  due  to  the 
impulse  of  steam  entering  the  moving  blades  and  to  reaction  as  it 
leaves  them,  this  process  being  repeated  throughout  the  turbine. 

Leakage  past  the  revolving  portion  of  the  spindle  at  D  is 


SPECIAL   REFERENCE   TO   MARINE   WORK  25 

^almost  entirely  prevented  by  the  ingenious  form  of  frictionless 
packing,  shown  on  a  larger  scale  in  Fig.  6.  The  fine  clearances 
and  the  sudden  increase  of  section  have  the  effect  of  alternately 
-wire-drawing  and  expanding  the  steam,  so  that  at  successive 
grooves  it  becomes  increasingly  difficult  for  the  steam  to  leak 
jpast  the  fine  clearances.  In  the  astern  '  turbines,  a  radial 
form  of  packing,  depending  on  fine  tip  clearances,  must  be  adopted 
owing  to  the  difference  in  expansion  between  spindle  and  cylinder. 
Numerous  varieties  of  these  forms  of  packing  exist,  some  of  them 
being  extremely  efficient  in  their  action. 

The  laws  governing  the  best  theoretic&J  velocity  of  steam  and 
blades  are  similar  to  those  for  water  turbines,  but  in  practice  some 
modification  is  necessary,  and  the  best  ratio  of  blade  speed  and 
steam  speed  is  still  a  matter  of  opinion.  The  ideal  condition  for 
impulse  turbines  occurs  when  the  peripheral  velocity  of  the 
buckets  is  one-half  that  of  the  jet,  or  in  reaction  turbines,  when 
it  is  equal  to  it. 

Parsons'  turbines,  however,  have  been  built  with  V^,  Fig.  7, 
varying  from  -25  to  -85  of  Vs,  where  V^  represents  blade 
velocity  at  mean  diameter,  and  Ys  the  steam  speed  due  to 
expansion  across  the  row  in  question.      A  very  usual  ratio  in 

electrical  work  for  large  units  has  been  y.  =  0-6,  but  this  involves 

a  greater  number  of  rows  than  is  possible  in  marine  work,  and  the 
xatio  must  be  reduced.  These  ratios  need  very  careful  calculation. 
The  steam  consumption  must  be  accurately  known  in  order  to  pro- 
portion them  correctly  throughout  the  turbine,  and  the  necessity, 
-(which  is  inevitable  with  the  present  form  of  caulking  piece,)  of 
having  the  same  area  of  openings  in  so  many  rows  while  the  steam 
volume  increases  so  rapidly,  adds  to  the  difficulty  of  close 
calculation.  The  potential  energy  of  the  steam,  corresponding 
to  the  "head"  in  water  turbines,  can  easily  be  calculated  for 
^ven  pressure  differences. 

B.  Th.  U.  X  778  =  Energy  in  foot  lbs.  per  lb.  of  steam  =  e. 
Ys  =  8  VT  =  223  x/B.  Th.  U. 
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For  a  given  blade  velocity,  it  is  obvious,  then,  that  the  speedi 
ratio  between  jet  and  vane  most  affect  the  number  of  stages,  and 
the  greater  the  ratio  of  \i  to  Ys  the  greater  will  be  the  required 
number  of  rows,  that  is,  to  obtain  the  required  Ys  at  each  stage 
a  smaller  pressure  drop  per  row  is  necessary,  or  vice  versa. 

The  best  blading  arrangement,  scientifically  and  commercially^ 
is  the  result  of  much  theory  and  practice.  The  mean  diameter  is 
an  arbitary  dimension  capable  of  wide  variation  without  affecting 
the  efficiency,  provided  that  the  number  of  rows  is  correct ;  it  is. 
found  by  assuming,  from  experience,  a  blade  velocity,  whence — 

Mean  diameter  in  inches  =  Blade  velocity  in  feet  per  sec,  x  228 

K.p.  M. 
To  arrive  at  the  corresponding  number  of  rows,  the  revolutions- 
being  given,  the  ratio  of  Yt  to  Ys  must  be  settled,  from  which  the 
steam  speed  can  be  obtained ;  it  is  a  convenient  assumption  at  the 
beginning  of  any  design  to  consider  the  turbine  as  parallel  through- 
out and  of  constant  efficiency,  and  to  design  on  this  basis.  The 
number  of  rows  N  on  one  diameter  can  be  found  by  working  out- 
the  B.  Th.  U's.  necessary  to  give  a  certain  steam  speed  at  each  row^ 
see  Fig.  8;  the  available  energy  divided  by  the  energy  it  is- 
desired  to  abstract  at  each  row  will  give  the  number  of  rows, 
required.  This  result  may  be  arrived  at  by  various  ways,  but  the 
principle  involved  is  the  same  in  each  case.  Numerous  empirical 
coefficients  for  approximating  steam  speeds  and  the  corresponding 
number  of  rows  are  obtainable  from  experience,  and  are  similar  in 
use  and  value  to  the  Admiralty  coefficient,  that  is,  while  they 
represent  a  crude  method  of  doing  something  that  should  be 
done  more  scientifically,  they  are  very  simple  and  capable  of 
rapid  handling.  Being,  however,  based  on  long  and  costly 
experiments,  much  reticence  is  observed  regarding  their  publi- 
cation. Varying,  of  course,  with  the  steam  pressure  and  vacuum, 
the  number  of  rows  on  one  diameter  would  involve  an  excessive^ 
length  of  turbine  and  also  inconvenient  blade  heights.  It  is^ 
therefore,  usual  to  divide  the  rotor  into  three  or  more 
stages,   which  has  the  advantage  of  shortening  the  turbine  and. 
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reducmg  the  number  of  rows.      If  n  »  the  fraction  of  power 

developed  in  the  first  oylinder  or  barrel,  —  =  number  of  rows  in 

the  first  barrel,  and  with  the  alteration  of  diameter  and  increase  of 
blade  velocity  in  the  succeeding  stages,  the  number  of  rows  on 
other  barrels  are  so  altered  as  to  keep,  for  equal  powers  and 
efficiencies : — 

(Blade  velocity)'  x  No.  of  rows  a  Clonstant. 

The  vane  speeds  adopted  in  practice  vary  considerably;  for  some 
time  100  feet  per  second  was  regarded  as  a  standard  for  the  first 
row,  and  I  think  the  Westinghouse  Co.  at  Pittsburg  was  first  to 
make  a  radical  departure  in  this  and  adopt  far  higher  speeds. 
The  maximum  vane  speed  used  for  Parsons'  blading  is,  as  far  as 
I  am  aware,  about  375  feet  per  second  in  the  low  pressure 
blades,  and  170  in  the  high  pressure  blades  of  electrical 
turbines;  the  lowest  speeds  used  are  in  marine  work,  and 
are  only  about  one-third  of  these.  To  some  extent  blade  speed 
is  governed  by  blade  height;  the  speed  should  be  so  modified 
that  this  may  be  at  least  three  per  cent,  of  the  mean  diameter 
to  reduce  the  proportion  of  clearance  losses.  Leakage  over 
the  tips  of  the  blades  is  perhaps  not  so  detrimental  on 
account  of  actual  leakage  loss  as  in  its  superheating  effect 
on  steam  between  the  row  past  which  it  leaks  and  the  last, 
row,  because  this  reheating  effect  upsets  calculations  regard- 
ing openings  by  increasing  the  steam  volume,  and  thereby 
affects  the  fluid  efficiency.  This  leakage  over  the  tips  must 
be  taken  into  account  in  designing  reaction  turbines.  Tem- 
perature and  diameter  influence  the  clearance,  and  the  stiffer 
the  cylinder  is  to  resist  distortion  due  to  heat  the  less  it  may 
be  made.  A  clearance  diagram  based  on  measurements  off 
a  large  number  of  machines  is  given  in  Fig.  9. 

In  Table  II.,  the  vane  speeds  adopted  in  various  classes  of 
work  are  given,  and  the  reduction  in  peripheral  speed  on  account 
of  the  propeller  reducing  the  revolutions,  and  the  necessary  pro* 
portion  of  blade  height  modifying  the  diameter  may  be  clearly- 
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i 
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3  or  4 

Channel  Steamers 
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3 
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4 
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■il--  5 

3  or  4 
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70 

760 
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76 

1200 

2600  K.W. 
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300 

84 

1360 

1500  K.W. 
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72 

1500 

1000  K.W. 

125 

250 

80 

1800 

750  K.W. 

126 

260 

77 

2000 

500K.W. 

120 

286 

60 

3000 

250  K.W. 

100 

210 

72 

3000 

75  K.W. 

100 

200 

48 
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.seeo.  To  this  combined  action  is  due  the  fact  that  only  in  the 
faster  classes  of  vessels,  or  in  those  small  types  in  which  some 
propulsive  efficiency  can  be  sacrificed,  is  the  turbine  applicable 
In  slow  cargo  steamers,  though  the  revolutions  may  be  high 
enough,  the  power  required  is  not  sufficient  to  enable  a  reasonable 
blade  height  to  be  c^dopted,  and  it  is  this  consideration,  viz., 
proportion  of  leakage  over  blade  tips — that  curtails  the  wider 
adoption  of  this  type  of  turbine.  For  the  same  low  peripheral 
blade  speed,  other  types  of  turbine  are  unsuitable  on  account  of 
the  impossibility  of  reducing  the  steam  velocity  sufficiently  with- 
out abnormal  weight  and  inefficiency. 

The  smallest  size  of  marine  turbine  is  usu&Jly  larger  than  the 
average  electrical  turbine  as  far  as  power  is  concerned,  and  there- 
fore  does  not  meet  with  the  same  commercial  considerations  as  the 
smaller  sizes  of  the  latter  type.  These  are  not  designed  for  the 
same  intem&J  efficiency  as  the  larger  machines,  chiefly  on  account 
of  manufacturing  cost,  and  they  do  not  attain  anything  like  the 
same  efficiency  compared  with  the  Eankine  cycle. 

Speaking  in  reply  to  the  discussion  on  his  paper  to  the  Institu- 
tion of  Naval  Architects  in  1903,  Mr.  Parsons  said  that,  *'  for  all 
practic&J  purposes,  while  the  steam  is  traversing  each  set  (of 
blades)  as  shown,  it  behaves  like  an  incompressible  fluid,  just  like 
water  would  do,  as  the  expansion  is  very  small  at  each  set.  The 
frictional  losses  and  the  eddy-making  losses  would  be  practically 
identical  within  small  limits  with  what  they  would  be  with  water, 
and  the  actual  forces  would  be  in  proportion  to  the  density  of  the 
medium.  ...  In  the  turbine  blades  themselves,  the  efficiency 
is  between  70  and  80  per  cent.*' 

Using  this  hydraulic  analogy  enables  one  to  calculate  the  number 
of  stages  required  in  a  different  manner:  the  '*  equivalent  head," 
due  to  the  steam  pressure,  may  be  found,  together  with  that  at 
each  row  necessary  to  give  the  required  velocity,  from  which  both 
the  number  of  stages  and  the  coefficient  of  expansion  at  each  stage 
may  be  worked  out. 

In  the  early  marine  designs,  such  as  the  «  Queen  Alexandra"  and< 
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H.M.S.  "  Amethyst/'  the  turbine  drums  were  all  made  of  the  same 
•diameter,  and  the  higher  speed  necessary  on  the  l.p/s  was  got  by 
running  at  considerably  higher  revolutions  than  on  the  h^.  shaft ; 
but,  following  up  the  increase  in  propeller  efficiency  found  to  be 
•due  to  the  use  of  larger  screws  the  speed  for  each  shaft  is  now 
more  nearly  equal,  while  the  wing  drums  are  made  larger  in 
diameter.  The  vagaries  of  the  following  wake,  however,  necessitate 
slightly  different  propeller  dimensions  on  each  shaft,  or  else 
.slightly  different  revolutions  with  the  same  screws;  and  it  is 
noticeable  that  in  a  triple-screw  arrangement,  the  centre  screw 
being  right-handed  and  the  wing  screws  revolving  outwards, 
>that  the  starboard  propeller  is  .influenced  by  the  centre 
.one,  and  almost  invariably  revolves  at  a  lower  speed. 
In  a  four-shaft  design,  due  to  the  varying  wake  values  at 
.different  speeds,  and  possibly,  also,  to  some  unequal  distribution 
of  power,  the  outer  screws  run  slower  at  low  speeds,  and  faster 
^t  high  speeds  than  the  two  inner  shafts,  but  exact  data  as  to 
this,  and  the  possibility  of  allowing  for  it  in  the  design,  are  still 
wanting. 

In  all  types  of  turbines — Parsons',  Bateau's,  Curtis',  &c. — a  cer- 
.tain  ratio  must  be  maintained  between  the  blade  velocity  and 
steam  velocity,  and  as  steam  acquires  very  high  velocities  by 
expansion,  the  blade  velocity  must  be  maintained  either  by  the 
revolutions  or  by  large  diameters,  or  both.  As  the  weight  in- 
increases  very  rapidly  with  the  diameter,  and  extraordinarily  so 
with  the  reduction  in  rotative  speed,  it  is  preferable  to  increase, 
if  possible,  the  revolutions  or  the  number  of  stages  rather  than  the 
.diameter,  and  especially  should  this  be  done  in  cases  where,  as  in 
the  Bateau  or  Zoelly  types,  the  weight  increases  more  rapidly  in 
inverse  proportion  to  the  B.p.M.  and  the  diameter  than  it  does  with 
-other  types.  To  increase  the  revolutions,  it  may  be  necessary  to 
increase  the  number  of  shafts  and  propellers,  thus  reducing  the 
power  per  shaft  and  the  effective  thrust  through  each  screw. 
Increasing  the  diameter  of  the  turbine  adds  largely  to  the  con- 
structional  difficulties,  especially  of  the  cylinder. 
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Having  obtained  the  number  of  rows  and  the  diameter,  the 
Mading  arrangement  oan  be  worked  out  in  detail.  The  height  of 
blade  depends  on  the  volume  of  the  steam  and  the  speed  at  which 
it  is  to  flow,  and  also  on  the  ratio  of  the  area  of  exit  openings  be- 
tween the  blades  to  that  of  the  annulus  between  spindle  and 
•cylinder,  which  is  about  one-third  in  normal  blades.  The  neces- 
rsary  clear  area  to  pass  the  steam  being  equal  to  volume  -?-  velocity, 
And  knowing  this  annular  factor,  say  3,  for  a  ratio  of  one-third  (or 
-2  for  i,  etc.),  then 

_,  .  , ,    , , ,  1    .    .     ,         Clear  area  in  square  inches  x  3. 

Height  of  blade  in  mches^    Me>n  ciroumferenee  in  inches. 

The  ratio  of  blade  height  to  mean  diameter  should  not  be  less 
than  3  per  cent,  or  more  than  15  per  cent.,  because  in  the  former 
the  leakage  will  be  excessive,  and  in  the  latter  the  bending  moment 
on  the  blade  becomes  too  great,  and  the  radial  divergence  of  the 
blades  too  much.  The  width  of  blade,  the  shape  of  section 
4Ldopted,  and  the  circumferential  pitch,  are  standard  considera- 
tions, and  affect  the  factor  3  given  above.  It  is  not  proposed  to 
•enlarge  upon  them  in  this  paper.     It  may,  however,  be  remarked 

that  for  ^  greater  than  *6  the  usual  shape  of  Parsons'  section,  as 

shown  in  Eig.  5,  should  be  modified  to  a  somewhat  different  form 
of  blade,  with  a  sharper  entrance  edge.  This  section  is  not  to 
be  recommended,  as,  owing  to  the  necessity  of  strengthening  the 
blade  sufBciently,  the  metal  must  be  placed  nearer  the  exit  edge, 
thus  increasing  the  angle  between  the  face  and  the  back  of  the 
exit  edge  of  the  blades,  and  giving,  in  fact,  an  inferior  shape  of 
opening  compared  with  that  obtainable  with  a  blade  section  adapted 
to  ratios  under  *6.  If,  for  the  present,  it  is  sufficient  to  use  the 
blade  sections  and  packing  pieces  similar  to  those  now  adopted 
so  generally,  in  Table  III.  can  be  found  a  list  of  widths  for  a  given 
height,  and  the  axial  spacing  of  the  rows.  While  this  must  be 
kept  down  to  reduce  the  length  of  drum,  it  must  be  sufficient  to 
allow  for  some  play  in  overhauling;  and  sufficient  clearance  can 
be  allowed  here  without  affecting  the  economy.     The  openings 
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between  the  blades  to  allow  of  the  passage  of  the  steam  are  very 
important,  and  must  be  carefully  designed.  The  actual  volume 
of  the  steam — ^not  the  volume  per  lb.,  as  found  in  tables,  or  the 
volume  due  to  adiabatio  expansion,  but  the  exact  volume  per  lb. 
at  any  point  along  the  turbine — ^must  be  determined,  in  order  to 
arrive  at  the  desired  adjustment  of  velocities.  It  is  extremely 
doubtful  whether  the  present  blading  arrangements  give  the  best 
results;  greater  accuracy  of  c&Jculation  and  consequently  improved 
pressure  distribution  and  efi&cienoy  seem  likely  to  follow  the  use 
of  a  more  mechanical  blading  construction. 

Fig.  10  shows  the  percentage  error  involved  in  using  either  the 
dry  volume,  or  that  due  to  adiabatic  expansion,  compared  with  the 
correct  volume  corresponding  to  the  actual  expansion  in  a  large 
turbine  using  dry  saturated  steam  at  the  first  row  of  blades  and  27 
inches  vacuum.  Attention  must  be  paid  to  the  effect  of  approxi- 
mately adiabatic  expansion  and  the  consequent  moisture  in  the 
steam. 

For  manufacturing  convenience,  as  well  as  to  allow  for  the 
expansion  of  the  steam,  the  blade  heights  are  stepped  up,  but  no 
rule  exists  for  this ;  the  blades  might  be  of  one,  or  of  sixty-four 
heights,  provided  the  blade  openings  are  correct.  It  is,  however^ 
convenient  to  step  them,  as  in  Fig.  5,  say,  in  8  steps  of  8  each,  or 
4  of  16 — even  9  of  7  would  do — and  so  avoid  any  great  variation 
from  the  annular  area  factor  3  as  shown  above.  To  obtain  heights 
and  areas,  it  is  best  to  plot  off  graphically,  volumes,  steam  speeds, 
and  clear  areas  required.  The  use  of  standard  blade  heights  will 
then  enable  the  number  of  stages  and  rows  per  stage  to  be  deter- 
mined :  wide  differences  can  be  made  in  any  arrangement  without 
materi&Jly  affecting  the  economy.  The  best  arrangement  is  largely 
a  matter  of  convenience  and  experience, 

The  material  of  which  blades  are  usually  made  is  a  mixture  of 
cheap  brass  containing  about  16  parts  of  copper  and  3  parts 
of  tin.  Alloys  containing  zinc  are  extremely  unreliable  for 
high  temperatures,  but  blades  containing  about  98  per  cent. 
of  copper  have  been  found  very  satisfactory  for  use  with  high 


34  THE   STEAM   TURBINE,    WITH 

superheats.  More  recently  a  material  containing  about  80  per 
cent,  of  copper  and  20  per  cent,  of  nickel  has  been  adopted, 
and  this  is  undoubtedly  the  best  blading  material  existing.  Steel 
blading,  drawn  in  the  same  way  as  the  usual  brass  section, 
has  been  used  in  the  United  States  with  fairly  good  results. 
The  process  of  drawing  turbine  blades  gives  an  extremely  tough 
skin  to  the  metal  used,  not  only  increasing  the  tensile  strength, 
but  greatly  decreasing  the  chances  of  erosion. 

It  seems  probable  that  the  usual  caulking  piece  now  adopted  will 
be  discarded  in  favoiur  of  a  machine-divided  strip  into  which  the 
blades  may  be  fitted,  and  instead  of  the  slotting,  wiring,  lacing, 
and  soldering  process  at  the  tip,  a  similarly  machine-divided 
shroud  will  be  used,  giving  a  far  stronger  construction,  and 
enabling  finer  clearances  and  better  workmanship  to  be  obtained  ; 
at  the  same  time  considerably  reducing  the  cost  of  manufacture^ 
and  the  risk  of  blade  stripping. 

The  chief  causes  of  the  latter  may  be  set  down  to  bad 
workmanship  in  fixing  the  blades,  defective  blade  material, 
excessive  cylinder  distortion  (this  is  probably  the  most  fruit- 
ful cause,  and  is  a  serious  one,  being  due  to  bad  design), 
whipping  of  turbine  spindles  (which  is  also  due  to  bad  design,  or 
bad  balancing),  wear  of  bearings  (which  is  very  remote),  and  the 
introduction  of  extraneous  substances  such  as  water  or  grit.  In 
fact,  blade  stripping  may  be  said  to  generally  occur  from  pre- 
ventable causes.  Small  vibrations  of  very  high  frequency  occa- 
sionally set  up  an  action  in  certain  rows  of  responsive  length  that 
fatigues  the  blade  material  and  causes  the  loss  of  blades  without 
any  fouling  at  all.* 

Due  to  the  action  of  the  steam,  an  end  thrust  occurs  in  the 
direction  of  the  propeller,  which  is  advantageously  used  in  par- 
tially balancing  the  propeller  thrust,  thereby  reducing  the  size 

*The  writer  had  experience  of  this  early  in  1905  when  a  5000  k.w.  tur- 
bine, under  teat  in  one  of  the  large  New  York  power  stations,  shed  several 
rows  of  blades.  This  diificnlty  has  also  occurred  in  Europe,  and  can  be 
ciicumvented  by  an  alteration  in  the  position  of  the  lacing  strip. 
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of  thrust  blook  necessary.  A  margin  must  be  allowed  here,  and 
the  propeller  thrust  is  not  entirely  balanced  by  the  pressure  on 
the  annulus  between  the  dummy-ring  diameter  D,  and  the  spindle 
C,  Fig.  5,  plus  the  end  pressure  on  the  blades.  For  the  diameter  D 
to  give  the  required  annulus,  as  well  as  that  of  the  propeller,  the 
effective  thrust  must  be  carefully  calculated;  and  experience  shows 
that  there  is  a  drop  in  steam  pressure  varying  from  10  to  15  lbs.  per 
square  inch  between  the  pipe  inlet  to  the  h.f.  receiver  and 
the  first  row  of  blades,  which  should  be  considered  in  designing 
this  balancing  area.  The  number  of  rows  of  dummy  packing 
used  varies  according  to  the  designer's  judgment  very  largely, 
and  may  be  modified  according  to  the  pressure  and  the  clearance 
allowed— say  a  7-lOOOth  to  a  15-lOOOth  of  an  inch  in  electrical 
work,  and  rather  more  in  marine  work. 

The  dimensions  of  the  astern  turbine  are  arrived  at  in  the  same 
manner  as  those  of  the  ahead,  the  efficiency  being  largely  sacri- 
ficed on  account  of  weight  and  space,  generally,  the  mean 
4liameter  is  made  practically  the  same  as  that  of  the  h.p.  drum. 

To  a  large  extent,  the  inferior  manceuvring  capabilities  of  the 
•earlier  turbine  steamers  were  due  to  insufficient  astern  power. 

It  may  be  remembered  that  in  a  marine  turbine  the  spindle  is  in 
compression  and  the  cylinder  in  tension  when  working.  In  elec- 
trical turbines  where  the  end  thrust  must  be  eliminated  by  the  use 
■of  balancing  pistons,  the  spindle  is  in  tension  and  the  cylinder  is 
balanced.  The  shafts  between  the  tm*bine  bearings  and  the  drum 
must  be  made  amply  stiff  enough,  as  well  as  strong  enough,  for 
any  sag  in  the  spindle  will  destroy  the  clecurance.  As  will  be  seen 
from  Fig.  11,  the  stresses  due  to  centrifugal  force  are  very  low  in 
the  Parsons'  turbine,  and  except  in  occasional  l.p.  barrels  do  not 
exceed  about  7,500  lbs.  per  square  inch,  while  at  the  h.f.  end  they 
are  usually  under  2,000. 

The  pressure  on  the  bearings  in  a  turbine  is  only  due  to  the  weight 
of  the  spindle,  plus  the  negligible  addition  in  marine  work  of  that 
due  to  any  gyroscopic  action ;  it  may  be  taken  as  from  80  to  90  lbs. 
per  square  inch  as  long  as  the  rubbing  velocity  does  not  exceed  30 
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feet  per  second.  If  it  does,  the  pressure  must  be  redaoed  so  that 
the  product  of  pressure  x  velocity  does  not  exceed  2500-2700.  In 
land  work,  50  lbs.  x  50  feet  is  very  common.  The  friction  heat 
of  the  bearings  added  to  that  due  to  conduction  through  the  pedes- 
tals necessitates  the  use  of  large  oil  coolers,  and  in  the  case  o£ 
very  high  temperatures,  of  special  kinds  of  oil.  If  possible,  the 
bearing  temperature  should  not  exceed  from  140  degrees  to  150* 
degrees  F.,  though  the  writer  has  known  of  190  degrees  F.  being^ 
used  without  trouble.  In  marine  turbines  this  temperature  is- 
usually  much  lower.  Bigid  bearings  are  used  for  marine  spindles,, 
not  the  flexible  type  adopted  in  land  work. 

Space  does  not  permit  of  more  than  passing  reference  to  cylin- 
ders; but  it  would  be  difficult  to  exaggerate  the  importance  of  very 
careful  design  in  this  connection.  Cylinders,  with  heavy  flanges  on 
the  centre  line,  distort  in  a  very  curious  fashion  when  heated  with 
their  axes  horizontal,  and  measurements  taken  off  a  hot  cylinder  on 
a  surface  plate  with  micrometer  gauges  reveal  some  very  remark- 
able facts.  When  working,  the  temperature  along  the  cyUnder 
falls  possibly  from  400  degreed  to  100  degrees  F.  in  a  distance  of 
6  or  8  feet,  and,  unlike  the  reciprocating  engine,  this  remains  con- 
stant ;  the  radial  expansion  is  consequently  more  at  one  end  than 
the  other ;  while  at  any  point  along,  the  turbine  the  tendency  is  to- 
expand  less  at  the  flanges  than  at  the  top  and  bottom.  For  thi& 
reason  ample  clearance  must  be  allowed ;  exactly  what  this  will  be» 
when  spindle  and  cylinder  are  hot  is  hard  to  say,  but  it  seems- 
most  likely  that  the  total  dearsmce  area  will  differ  but  little  from 
what  it  is  when  cold. 

The  longitudinal  expansion  when  hot  is  often  very  marked,  and. 
in  all  turbines  necessitates  provision  for  the  resultant  movement 
at  one  end.  In  marine  work  the  after  end  of  the  cylinder  is- 
secured  to  the  vessel,  the  engine  seating  also  performing  the  func- 
tion of  a  thrust-block  seat,  while  the  forward  end  slides  forward, 
taking  with  it  the  entire  shafting.  The  thrust  block  is  at  the  for- 
ward end  of  the  cylinder,  and  also  performs  the  duties  of  an 
adjustment  block  for  setting  the  longitudinal  clearances,  to  do> 
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which  generally  necessitates  uncoupling   the  shafting  abaft  the 
turbine. 

The  difference  in  expansion  between  the  cylinder  and  spindle, 
from  the  thrust  block  to  the  dummy  ring,  may  be  the  cause  of 
serious  difficulties  in  large  marine  turbines,  unless  the  closest 
attention  is  paid  to  this  feature  in  the  design;  and  **  warming  up  " 
with  these  large  cylinders  needs  possibly  even  more  care  than  is 
essential  with  large  piston  engines. 

On  shipboard,  the  turbine  cyhnders  are  practically  under  one's 
feet,  and  the  radiation  from  them  is  very  unpleasant,  especially  if 
there  is  any  leakage  from  the  glands.  To  all  who  are  responsible 
for  the  lagging  of  cylinders  and  the  system  of  ventilation  in  turbine 
engine  rooms  I  would  call  attention  to  the  possibility  of  their  having 
to  stand  a  watch  of  from  4  to  6  hours  on  the  top  of  the  h.p.  cylinder, 
such  as  in  the  case  in  H.M.S.  "Eden"  or  H.M.S.  "Amethyst,"  the 
boat  in  the  latter  vessel  being  almost  unbearable.  With  reciprocating 
engines,  one  stands  on  a  comparatively  cool  lower  platform  with 
the  cylinders  overhead,  and  with  some  chance  of  the  hot  gases  rising 
clear,  but  in  naval  turbine  work,  under  a  low  deck,  this  point  has 
not  met  with  adequate  attention. 

In  the  course  of  operation,  more  especially  in  marine  work 
where  no  superheaters  are  used,  there  is  a  distinct  tendency  for 
the  turbine  to  be  supplied  with  wet  steam,  the  efifect  of  which  on 
the  economy  is  very  marked.  Experiments  that  have  been  made, 
show  that  the  percentage  increase  in  consumption  is  about 
twice  that  of  the  moisture  in  the  steam.  For  instance,  with  2  per 
cent,  of  moisture  in  the  steam  at  the  first  row,  the  consumption  is 
increased  about  4  per  cent. 

A  considerable  amount  of  data  on  the  performance  of  turbines 
compared  with  reciprocating  engines  for  marine  'v^ork,  is  now 
available.  The  Admiralty  has  had  tested  both  cruisers  and  tor- 
pedo-boat destroyers,  exactly  similar  but  for  their  engines  and 
propellers,  and  trials  of  the  Midland  Railway  Company's  steamers 
and  other  cross  -channel  boats  have  corroborated  the  results 
regarding  economy  obtained  from  the  naval  vessels.     In  Fig.  12  is 
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given  the  steam  consumption  per  unit  of  power  of  H.M.S.  **  Ame- 
thyst"* compared  with  that  of  several  recent  warships,  and  it  is 
noticeable  that  only  below  from  55  to  60  per  cent,  of  their  full 
speed  does  the  consumption  of  the  turbine  exceed  that  of  the  piston 
engines.  Very  seldom  do  vessels  steam  below  these  speeds.  Cruisers 
carrying  relief  crews  to  the  China  or  Australian  stations  usually 
proceed  at  about  60  per  cent,  of  full  speed,  and  in  the  Atlantic 
manoeuvres  of  1903  nearly  80  per  cent,  of  full  speed  was  main- 
tained by  the  large  fleets,  whilst  the  Japanese  battleships  built  in 
England  made  their  first  voyage  to  Japan  at  about  54  per  cent,  of 
their  full  speed;  at  which  ratio  the  consumption  per  i.h.p.  of  both 
the  **  Hindustan  "  and  **  Dominion,"  representing  very  recent  battle- 
ship construction  by  eminent  builders,  is  materially  in  excess  of 
that  of  the  first  installation  of  warship  turbines  (not  including  the 
destroyers).  The  total  consumption  of  H.M.S.'s  "  Amethyst  "  and 
**  Topaze  "  plotted  on  a  base  of  power  is  given  in  Fig,  13,  while 
Fig.  14  shows  that  for  the  Midland  Eailway  boats. t  The  progres- 
sive trials  of  H.M.S.  ** Amethyst"  are  shown  in  Fig.  15,  and,  in 
view  of  the  results  obtained  from  these  various  vessels,  the  whole- 
sale adoption  of  turbine  machinery  in  the  Eoyal  Navy  is  not 
surprising. 

It  is  probable  that  the  adoption  of  cruising  turbines  will 
be  discontinued  before  long,  and  this  view  seems  to  be 
corroborated  by  the  consumption  trials  of  the  Midland 
Eailway  steamers.  Down  to  60  per  cent,  of  her  full  speed, 
the  "Manxman"  required  less  water  than  the  highly  efficient 
"Antrim,"   and   with    a   different   blading   arrangement   in   the 

*  Since  the  above-mentioned  results  were  obtained,  the  steam  piping 
has  been  altered  so  as  to  permit  the  auxiliary  exhaust  steam  to  pass  through 
the  main  l.p.  turbines  when  desired.  This  arrangement  considerably  de- 
creases the  consumption  at  low  speed?,  bringing  the  "  Amethyst's ^'consumpt* 
tion  below  that  of  her  sister  ships  down  to  ten  knots,  or  about  45  per  cent,  of 
full  speed. 

+Fig.  14  is  compiled  from  the  results  given  in  Mr  Gray's  paper  to  the 
Institution  of  Naval  Architects,  July  1905. 


SPECIAL   REFERENCE   TO   MARINE   WORK 


89 


main  turbines,  such  a  result  should  be  equalled,  if  not  improved 
on,  in  war  vessels.  The  additional  complication  involved  with 
two  cruising  turbines  and  their  accompanying  leakage  and 
receiver  losses,  together  with  a  considerable  increase  in  weight 
and  space  occupied,  largely  modifies  any  advantages  obtainable 
in  the  way  of  reduced  consumption  at  lower  powers.  An 
improved  (and  easily  obtainable)  design  of  main  turbine  blading 
should  give  a  better  result  at  the  highest  powers,  practically  the 
same  at  intermediate  powers  (as  in  the  case  of  H.M.S.  "Ame- 
thyst," from  fourteen  to  twenty  knots),  and  only  slightly  inferior 
at  speeds  below  fourteen  knots,  while  it  will  undoubtedly  admit 
of  greater  ease  of  handling  and  be  much  simpler.  In  a  triple- 
shaft  arrangement  the  unequal  distribution  of  power  on  the  wing 
shafts,  due  to  the  use  of  cruising  turbines,  is  a  distinct  disadvan- 
tage; the  fluctuation  in  rotative  speed,  due  to  shutting  off  the 
H.p.  cruising  turbine,  may  be  seen  from  the  trials  of  H.M.S. 
**  Amethyst." 

One  of  the  l.p.  rotors  of  the  Allan  Line  steamer  ''Victorian," 
is  illustrated  by  Fig.  16.  This  rotor  is  8  feet  in  diameter,  and 
carries  80  rows  of  blades,  varying  successively  from  1^  inches  to 
7  inches  in  length. 

Fig.  17  shows  the  complete  blade  rings  of  a  Willan's  turbine* 
the  machine  divided  construction  of  which,  coupled  with  the  strong 
form  of  shrouding  adopted,  presents  such  great  advantages  over 
the  present  unmechanical  system  that  its  universal  adoption  may 
be  expected  in  the  near  future. 

In  conclusion,  the  writer  would  remark  that  it  is  impossible  in 
the  scope  of  a  paper  such  as  this,  to  touch  more  than  lightly  on  a 
subject  which  is  of  such  vast  importance.  Many  of  the  points 
dealt  with  above,  such  as  cavitation,  blading,  cylinder  de- 
sign, etc.,  would  require  a  volume  to  describe.  While  turbines 
perhaps  are  still  in  their  infancy,  they  are  already  largely  supplant- 
ing the  reciprocating  engine  in  many  types  of  vessel.  The  next 
few  years  will  undoubtedly  show  as  great  an  improvement  as  has 
taken  place  since  the  advent  of  the  "King  Edward"  barely  five  years 
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ago,  the  more  especially  as  the  subject  will,  henceforward,  be  en- 
gaging the  attention  of  all  engineers  instead  of  a  few  specialists, 
and  that  this  improvement  will  more  than  justify  the  policy  of  the 
Admiralty  and  of  the  Cunard  Company  is  already  certain. 

It  should  be  a  matter  of  some  satisfaction  to  the  members  of 
this  Institution  that  the  present  status  of  the  marine  turbine,  if 
not  absolutely  due  to  the  Clyde  alone,  is  at  any  rate  entirely  a  pro- 
duct of  Great  Britain. 

Discussion. 

Mr  E.  G.  IzoD  (Eugby),  speaking  as  an  ex-marine  engineer, 
said  he  thought  it  was  very  evident  that  the  turbine  was  the  only 
engine  of  the  future  for  marine  work,  though  no  doubt  progress 
would  be  so  rapid  that  it  was  probable  that  the  design  of  a  marine 
turbine  installation  of  ten  years  hence  would  very  materially  differ 
from  that  adopted  at  the  present  day.  Mr  Speakman  and  him- 
self had  worked  together  on  the  turbine  question,  and  he  cordd 
assure  the  Members  of  the  Institution  that  Mr  Speakman  had 
very  closely  studied  the  problems  relating  to  propellers  and  tur- 
bines with  a  view  to  obtaining  better  efficiencies  in  the  propulsion 
of  large  and  small  vessels,  and  he  quite  thought  that  the  informa- 
tion contained  in  the  paper,  which  they  had  just  listened  to,  would 
make  those  interested  take  a  deeper  and  more  careful  view  of  this, 
one  of  the  most  important  changes  in  the  annals  of  marine  en- 
gineering. He  quite  agreed  with  Mr  Speakman's  remarks  that 
no  information  was  forthcoming  from  those  who  had  been  building 
turbines;  and  while,  no  doubt,  the  reticence  displayed  was  justifi- 
able from  the  point  of  view  that  such  experimental  work  was  a 
commercial  asset  they  did  not  wish  to  part  with,  yet  one  could  not 
help  feeling  that  such  reticence  was  perhaps  impairing  the  chance 
Britons  had  of  making  their  turbines,  as  their  reciprocating  engines 
were,  second  to  none  in  the  world.  However,  he  hoped  that  the 
extraordinary  koeness  now  displcayed  by  marine  engine  builders  in 
this  new  class  of  work  would  result  in  the  success  which  they 
undoubtedly  deserved.     Mr  Speakman  had  called  attention  to  the 
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The  following  list  gives  the  vessels,  with  turbine  machinery, 
fitted  and  under  construction  (but  not  included  in  Table 
IV.)  — 

With  Parsons^  Turbines  : — 

(a.)  2  Vessels  for  Great  Central  Railway  Co.,     ... 

„     1  Vessel  for  Glasgow  &  South- Western  Rail- 
way Co.,  "Atlanta,"        

„     1  Vessel  for  Caledonian  Steam  Packet  Co., 
"Duchess  of  Argyll,"      

„     1  Vessel  for  General  Steam  Navigation  Co., 
"Kingfisher,"        

„  1  Vessel  for  British  India  S.N.  Co.,  "Rewa," 

(c.)  2  Vessels  for  New  York  &  Boston  S.S.  Co., ... 

„  1  Vessel  for  Eastern  S.S.  Co.,  Boston,  Mass., 

,,  1  Vessel  for  New  England  Navigation  Co.,  ... 

(b.)  6  Torpedo  boat  destroyers,  G132-137,  for  Im- 
perial German  Navy,  similar  to  S125,  ...       —  — 

„     1  Cruiser,  "  Lubeck  "  type,  for  Imperial  Ger- 
man Navy,  —  — 

(c.)  1  Battleship  (projected)  for  U.S.  Navy,  "Dela- 
ware,"              —  — 

With  Curtis*  Turbines: — 

(c.)  1  Vessel  for  Southern  Pacific  S.  S.  Co.,  s.s. 

"Creole," 16-0        8,000 

(416'-8"  X  53'  (T  X  25'-0"  draught ;   10,160  tons  dis- 
placement; revolutions  250). 

(6.)    1   Cruiser     "Lubeck"    type,    for    Imperial 

German  Navy  (projected),        —  — 

With  Zoelly  Turbines: — 

(J.)  1  Vessel  for  Baltic  trade,  built  by  Messrs. 

Howaldt, 130        1,000 

„     1  Vessel  similar  to  8.8.  "Kaiser,"       ...         ...     20-0        6,000 

Two  small  experimental  vessels  have  also  been  built: — 

(a.)  1  by  Messrs.  Yarrow,  similar  to  s.s.  "Caroline,**  fitted  with 
Fullagar  turbines. 

(6.)  1  by  Vulcan  Co.  60'-0"  x  9'-0^  fitted  with  Schultz  turbines. 
NOTK.— (a)  Built  in  England ;  (6)  in  Germany ;  (c)  in  United  States. 
In  addition  to  the  above,  numerous  vessels  are  under  considera- 
tion for  the  Government  and  leading  private  companie'S  of  France, 
Germany,  Japan,  and  elsewhere. 
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sample  ring  of  blading  exhibited  during  the  evening,  and,  speaking 
as  a  member  of  the  firm  which  made  its  blading  on  this  principle, 
he  would  like  to  point  out  that  there  were  many  advantages  which 
accrued  from  the  use  of  separately  built-up  machine-divided  blade 
rings;  as  for  instance,  correct  spacing  of  blades,  correct  angles 
and  openings,  increased  facility  for  handling  the  blading  and  com- 
pleting the  necessary  blading  work  before  the  rotor  and  casing 
were  finished.  One  of  the  features  of  the  system  was  the  channel 
shrouding  which  gave  extraordinary  stiffness  to  the  blade  rings, 
and  had  the  added  advantage  that  if  contact  did  take  place  between 
the  revolving  and  fixed  elements,  no  harm  was  done,  as  it  was 
practically  impossible  to  disturb  the  blading  even  under  the 
severest  conditions  known  at  the  present  time — a  factor  of  great 
importance  in  a  marine  turbine  where  absolute  breakdown  of  any 
portion  of  the  propulsive  agent  was  to  be  avoided.  He  would, 
however,  point  out  that  this  shrouding  made  a  virtue  of  necessity, 
that  was,  it  reduced  the  effect  of  contact  to  a  negligible  item ;  this, 
in  his  opinion,  was  hardly  the  way  to  tackle  turbine  problems,  and 
he  would  advise  most  exhaustive  tests  being  made  on  cylinder 
distortion  with  a  view  to  annuling  the  cause,  and  hence  the  effect 
would  disappear,  he  hoped,  nearly  entirely.  The  finer  the  clear- 
ance the  better  the  steam  consumption,  but  there  were  other  ways 
of  improving  the  efficiency  of  turbines  just  as  important  as  reduc- 
tion of  clearances,  which  were  too  often  neglected;  for  instance,  the 
frictional  losses  in  the  blading  were  a  most  important  item,  and  could 
be  considerably  reduced  by  a  proper  attention  to  blading  materials 
and  construction.  He  ventured  to  submit  a  small  chart.  Fig.  18, 
which  showed  where  the  most  important  losses  occurred,  and  these 
losses,  if  considered  carefrdly,  cordd  be  minimized  considerably. 
Concerning  the  actual  blading  strip  itself,  this  could  be  improved 
considerably,  and  it  was  hoped  that  figures  would  be  given  later 
which  would  explain  more  fully  how  a  great  saving  in  friction 
losses  was  obtained.  There  was  another  vitally  important  matter 
to  be  considered  in  the  manufacture  of  turbine  machinery  if  it  was 
to  reach  the  excellence  of  the  present  marine  reciprocating  engine. 
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ihich  was  that  men  and  methods  would  have  to  be  revised  and 
lapted  to  this  special  class  of  work ;  turbine  manufacture  to  be 
'  success  called  for  a  much  finer  degree  of  accuracy  and  much 
lore  careful  workmanship  than  was  accustomed  to  be  met  with 
the  manfacture  of  big  reciprocating  machinery;  and  while  he 
confident  that  designers  and  workmen  would  rise  to  the 
pcasion,  it  was  impossible  to  give  too  much  attention  to  this,  one 
I  the  most  important  factors  making  for  the  ultimate  success  of 
e  marine  steam  turbine.  There  was  an  all-prevailing  thirst  for 
formation  on  turbine  design^  but  it  must  not  be  forgotten  that 
e  design  was  only  the  preliminary  canter,  as  there  were  innumer- 
le  intricacies  to  be  attended  to  in  the  manufacture  and  steaming 
hich  were,  if  anything,  more  important  than  the  actual  design. 
Q  sincerely  hoped  a  good  discussion  would  be  the  result  of  Mr 
peakman's  valuable  paper,  and  the  great  interest  taken  in  steam 
rbines  by  the  Members  would,  he  felt  sure,  result  in  an  exchange 
f  opinions  invaluable  to  the  records  of  the  Institution. 

Mr  John  Wabd  (Vice-President)  said  it  was  a  coincidence  that 
most  of  the  Members  who  could  speak  with  weight  and  authority 
on  the  subject  were  at  the  present  moment  (together  with  the 
Members  of  the  late  Turbine  Commission)  guests  of  the  builders 
and  owners  of  the  largest,  and  probably  the  most  successful, 
turbine  steamer  yet  built,  viz.,  the  "  Carmania."  Her  official  trial 
bad  commenced  on  the  Clyde  that  morning,  and  would  continue 
until  she  arrived  at  Liverpool.  It  was  an  open  secret  that  the 
trials  of  the  steamer  on  the  Clyde  during  the  past  week  had  ful- 
filled in  every  way  the  highest  expectations  of  all  connected  with 
her.  That  was  a  matter  of  great  gladness  to  every  Member  of  the 
Institution,  but  he  also  felt  that  it  carried  with  it  a  tinge  of  sadness 
and  regret,  that  the  late  Lord  Inverclyde — the  talented  chief  of 
the  Cunard  Company,  who  had  such  faith  in  the  possibilities  of 
turbine  machinery,  that  he  agreed  to  have  it  fitted  in  the 
Carmania,*'  and  so  judge  it  on  its  merits  in  Atlantic  run- 
ning—  had  not  lived  to  see  the  trials  which  were  just  con- 
cluded and  had  been  so  successful.      The    paper   contributed 
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by  Mr  Speakman  would,  he  was  sure,  prove  of  much  value 
to  the  Institution,  The  Author  showed  a  thorough  acquaint- 
ance with  turbine  construction,  and  many  of  the  deductions  he 
made  from  that  knowledge  and  from  the  data  regarding  ships' 
performances,  which  he  had  collected,  were  of  much  interest 
Speaking  of  the  turbine  vessels  built  by  Messrs  William  Denny  & 
Bros,,  much  of  the  data  given  by  Mr  Speakman  could  only  be  in 
the  nature  of  an  approximation,  as  none  of  it  had  been  pubhshed 
by  them,  or  others,  as  far  as  he  knew.  He  did  not,  therefore, 
touch  on  the  accuracy  of  the  figures  given,  but  there  was  one 
point  which  had  not  been  taken  up  in  the  paper,  and  it  was  the 
question  of  power  measurement  in  turbine  vessels.  While  it  was 
not  easy  to  indicate  turbines  in  the  ordinary  sense  of  the  word,  it 
was  possible  to  determine  the  shaft  horse  power,  namely,  the 
power  delivered  to  the  propellers.  The  ability  to  do  this,  of  course, 
gave  them  the  power  required  to  drive  the  vessel,  and  also  the 
turbine  efficiency,  provided  the  steam  consumed  by  the  turbines 
was  accurately  measured.  In  addition  to  this,  if  one  was  provided 
with  an  experimental  tank,  extremely  interesting  results  in  screw 
problems  could  be  obtained.  For  instance,  were  the  effective 
horse  power  of  a  vessel  known,  then  by  means  of  such  an  instru- 
ment as  the  torsion  meter,  now  before  them,  and  shown  by  the 
joint-patentee  (Mr  Charles  Johnson),  the  nett  horse  power 
delivered  to  the  propellers  could  be  ascertained,  which  was  usually 
called  the  shaft  horse  power;  and  if  the  augmentation  of  resist- 
ance produced  by  the  propellers  were  known — which  could  also 
be  determined  in  the  tank — a  measure  was  at  once  had  of  the 
total  screw  efficiency.  When  his  firm  began  to  build  turbine 
vessels,  the  need  of  such  an  instrument  was  at  once  apparent,  and 
the  question  was  gone  into  by  their  late  President,  Mr  Archibald 
Denny,  and  a  member  of  the  Leven  Shipyard  Electrical  Staff  (Mr 
Charles  Johnson).  After  a  great  expenditure  of  time  and  trouble, 
the  many  difficulties  in  the  way  were  successfully  overcome,  and 
a  practical  and  reliable  instrument  designed,  and  used  with 
complete  success  on  the  turbine  vessels  built  by  his  firm.      To 
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obtain  the  torsion,  a  suitable  length  of  shaft  was  ohosen  for  the 
measurement,  and  discs  were  fitted  at  each  end.    On  each  of  these 
^liscs  a  permanent  magnent  was  secured  radially,  with  a  sharp  edge 
at  the  periphery  of  the  disc,  lying  with  the  edge  parallel  to  the 
shaft.    Essentially  there  was  a  single  coil  inductor  set  beneath 
one  of  the  magnets,  and  a  series  of  coils  beneath  the  other  magnet^ 
These  were  arranged  circumferentially,  and  lay  very  closely  to- 
gether,   so  that  the  sharp  edge  of  the  magnet  passed  directly 
opposite  each  separate  coil  in  tmn.     When  the  shaft  was  at  rest, 
and  without  torsion,  the  magnet  at  one  end  was  placed  above  its 
coil,  and  the  magnet  at  the  other  end  was  brought  exactly  above 
the  first  of  its  series  of  coils.      As  soon  as  the  shafi;  was  re-^ 
volved  with  the  transmission  of  power,  a  torsion  was  put  upon  it. 
When  the  first  magnet  reached  its  single  coil,  it  was  apparent 
that  the  other    magnet  would    no    longer    be    above  the  first 
coil  of  its  series,  but  above  some  other  coil  farther  round  the 
the  circumference.     The  recording  box  of  the  torsion  meter  was- 
designed  to  ascertain  which  coil  was  the  one  directly  beneath  the 
magnet  at  that  time,  and  hence  knowing  the  spacing  of  the  coils^ 
the  amount  of  torsion  at  the  radius  of  their  centres  was  ascertained. 
To  obtain  this  information,  the  currents  induced  in  the  coils  at  each 
end  were  balanced,  that  was  to  say,  when  each  magnet  was  above 
a  coil  the  currents  induced  were  adjusted  by  resistances,  so  as  to 
exactly  neutralise  one  another.     A  telephone  receiver  differentially 
wound  was  so  connected  that,  the  separate  currents  from  the  in- 
ductors at  either  end  of  the  shaft  were  made  to  act  simultaneously 
upon  the  diaphragm  of  the  receiver.     There  would  only  be  one. 
position  where  that  neutralisation  took  place  perfectly.    For  all 
other  positions  a  "  tick  "  would  be  heard  at  every  revolution  of  the 
shaft.    By  making  contact  with  each  coil  of  the  series  successively^ 
it  was  easily  discovered  which  was  the  particular  coil  where  the 
neutralisation  took  place,  there  being  no  <' tick  "  for  that  position. 
This  selection  of  coil  was  made  by  passing  a  switch  over  a  series 
of  studs,  each  stud  connected  to  one  of  the  series  of  coils,  and  each 
stud  therefore  representing  a  fixed  amount  of  torsion,  namely,  the 
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distance  between  adjacent  coils  of  the  series.  A  direct  reading- 
from  the  scale  round  the  studs  would  give  the  amount  of  displace- 
ment of  the  magnets  relatively  to  one  another,  and  therefore  the 
amount  of  torsion.  The  foregoing  was  a  description  of  the  torsion 
meter  in  its  simplest  form.  In  practice  it  was  usual  to  supply  six 
single  coils  at  one  end  of  the  shaft,  and  a  series  of  coils  at  the 
other,  the  distance  between  the  single  coils  being  rather  less  than 
the  whole  space  occupied  by  the  series  of  coils.  This  was  done  to 
give  greater  range  of  measurement  to  the  instrument.  In  effect 
this  arrangement  multiplied  the  amplitude  of  measurement  of  the 
simple  form  about  five-fold.  The  apparatus  upon  the  table  was 
fitted  for  three  shafts,  and,  as  would  be  seen,  had  two  circles  of 
studs  for  each  shaft,  one  for  the  single  coils  and  the  other  for  the 
series  of  coils.  There  was  provided  a  row  of  studs  at  the  top  of 
the  box ;  these  were  connected  to  resistances,  and  were  for 
balancing  the  currents  induced  by  the  two  permanent  magnets, 
which  were  not  necessarily  of  exactly  the  same  magnetic  intensity. 
A  feature  of  this  induction  method  was  that  there  was  no  actual 
touching  of  the  fixed  and  revolving  parts,  and  therefore  no  error 
introduced  by  the  wearing  away  of  surface.  It  could  be  left  in 
position  for  any  length  of  time,  and  was  always  ready  for  use.  The 
recording  box  might  be  placed  in  any  convenient  position  in  the 
ship  where  comparative  quietness  could  be  obtained  to  take  the 
observations;  the  connecting  cables  being  led  to  it  from  the 
inductors.  He  thought  no  apology  was  required  for  making  this 
digression,  as  Mr  Speakman  had  pointed  out  how  important  it  was 
that  one  should  know  the  inter-relation  between  the  turbines  and 
the  propellers.  He  placed  a  high  value  upon  Mr  Speakman's 
paper,  which  would  prove  of  service  to  Members  and  a  valuable 
acquisition  to  the  Transactions. 

Mr  Alex.  Craig  (Member),  said  he  had  read  Mr  Speakman's 
paper  with  very  great  interest  indeed  and  he  had  noted  several 
points  upon  which  he  would  like  to  ask  Mr  Speakman  a  levf 
simple  questions.  With  respect  to  the  question  of  pressure  per 
square  inch  of  projected  turea  of  propellers,  the  Author  stated  that 
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pressures  of  from  12  to  14  lbs.  had  been  known,  but  he  was  under 
:the  impression  that  in  some  torpedo  boat  destroyers  the  pressure 
reached  as  high  as  from  15  to  16  lbs.  If  this  really  were  the  case — 
What  percentage  of  slip  of  propeller  might  be  expected  under  the 
•circumstances  ?  With  regard  to  the  adoption  of  turbines  for  tramp 
steamers,  that  would  come,  but  in  the  meantime  the  most  valuable 
information  which  Mr  Speakman,  or  any  other  expert,  could  put 
before  them  was  in  connection  with  channel  steamers  and  de- 
rstroyers.  With  regard  to  the  ratio  of  projected  area  to  disc  area, 
ihe  highest  mentioned  by  Mr  Speakman  was  -58,  but  he  knew 
4»hat  in  some  cases  that  figure  had  been  exceeded.  He  had  taken 
.great  interest  in  the  turbine  steamer  "  Victorian,'*  to  which  the 
Author  had  referred  in  Table  I.,  where  it  was  stated  that  the  pro- 
peller had  a  diameter  of  9  feet  6  inches.  To  him  the  propeller 
looked  smaller  than  that,  and  he  was  certainly  surprised  to  see  that 
■some  material  had  evidently  been  removed  from  the  tips  of  the 
blades.  The  original  propellers  were  four-bladed,  and  he  under- 
stood that  they  were  being  replaced  with  others  of  three  blades 
.about  8  feet  10  inches  in  diameter.  He  would  like  to  ask  Mr 
Speakman  what  he  thought  about  that  change?  Referring  to 
Fig.  7,  the  Author  said  that  **  Parsons'  turbines,  however,  have 
been  built  with  Vi,  varying  from  -25  to  -85  of  V«."  He  would 
like  to  know  what  the  ratio  was  in  channel  steamers,  and  how 
this  effected  the  economy  of  the  turbine.  In  the  formula  (Blade 
velocity)*  x  No,  of  rows  =  Constant,  it  was  not  quite  clear  what 
that  constant  really  was,  and  the  Author,  in  his  reply,  might  perhaps 
be  able  to  state  how  it  was  used  in  turbine  design.  Coming 
to  the  blades  of  the  turbine,  Mr  Speakman  seemed  to 
think  lightly  of  the  principle  on  which  the  blades  were 
fixed  in  the  Parsons  turbine.  He  (Mr  Craig)  had  seen  a  few 
Parsons'  turbines,  and  certainly  to  his  mind  the  fixing  of  the 
blades  seemed  a  weak  point.  The  arrangement  of  blades  exhibited 
•on  the  table  was  a  very  excellent  substitute  for  the  method  used 
by  Mr  Parsons.  The  fixing  of  the  blades  was  pretty  much  con- 
strolled  by  the  weight  of  the  hammer  and  the  strength  of  the 
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engineer's  ann,  but  with  this  new  method  the  variance  of  pitoh  of 
blades  appeared  to  have  been  eliminated.    From  what  he  had  seeik 
of  the  Parsons  turbme  blades  in  position,  they  seemed  not  to  be 
so  regularly  spaced  as  those  in  the  Willans*  ring  on  the  table.    The 
action  turbine  was  the  turbine  that  he  was  practically  wedded  to, 
and  he  would  like  to  ask  Mr  Speakman  if  he  thought  that  there, 
was  any  possibility  of  the  action  turbine  being  used  economically 
for  driving  steamships  ?    It  had  certainly  one  advantage,  in  that 
superheated  steam  could  be  used.     He  did  not  know  whether 
superheaated  steam  had  been  used  for  Parsons'  marine  turbines,, 
but  he  looked  to  Mr  Speakman  for  this  information.   The  stripping, 
of  blades  would  be  a  very  serious  matter  if  such  occurred  in  mid- 
ocean,  and  from  what  Mr  Speakman  had  said  it  was  very  apt  to* 
occur.    But  he  gave  no  instance  of  such  a  thing  having  taken 
place,  and  many  like  himself  would  like  to  hear  of  the  results  of 
such  stripping,  and  the  best  way  to  obviate  the  same.    The  Author 
referred  to  turbines  for  generating  electricity  and  marine  turbines, 
and  said  that  the  former  were  not  designed  for  the  same  internal 
efficiency.    What  did  the  Author  mean  by  this  internal  efficiency  ? 
In  Table  III,  he  noticed  that  the  widths  of  turbine  blades  varied  from 
I  of  an  inch  up  to  1}  of  an  inch,  and  he  had  been  lead  to  believe  that- 
for  lengths  of  21,  24,  or  30  inches  their  widths  should  be  greater. 
It  would  be  seen  from  the  diagram  above  Table  III.  that  there  waa 
a  clearance  at  blade  tips  which  extended  for  the  full  length  of  the 
space  traversed  by  the  steam  without  any  opposition  whatever.. 
This  clearance  seemed  to  him  to  correspond  with  a  leak  in  a  main 
steam  pipe,  involving  an  irrecoverable  loss.     The  retardation  of 
the  steam  in  its  passage  through  the  turbine  by  the  wire  lacing  of 
the  blades  was  also  another  loss  which  he  thought  might  be. 
obviated  by  a  better  mechanical  device.    In  discussing  matters  of 
this  nature,  it  was  better  to  have  reliable  figures — he  did  not 
mean  to  say  approximate  figures— but  figures  upon  which  an 
engineer  could  rely.      He  desired  to  thank  Mr  Speakman  for 
having  submitted  such  a  meritorious  paper. 
Mr  J.  B.  Jack  (Member)  remarked  that  Mr  Speakman's  paper 
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really  conoemed  the  engineer  more  than  the  naval  architect,  but 
as  they  had  to  work  together  it  was  of  interest  to  them  both.  In 
taking  up  the  question,  Mr  Speakman  hit  the  nail  on  the  head  at 
the  very  beginning,  where  he  said  that  the  turbine  efficiency  and 
the  propeller  efficiency  must  be  considered  separately  and  together. 
The  propeller  of  a  turbine  driven  boat  was  nearly  always  too 
small,  because  if  a  big  propeUer  were  fitted  a  larger  turbine  would 
be  necessary  than  the  engineer  could  afford  weight  for.  The  same 
difficulty  obtained,  though  on  a  smaller  scale,  in  motor  boats,  and 
he  thought  the  motor  boat  might  be  looked  to  for  a  solution  of  that 
problem.  In  such  small  craft,  the  propellers  could  be  altered 
cheaply  and  experiments  readily  carried  out.  It  appeared  to  him 
that  the  motor  boat  seldom  gave  a  high  efficiency,  because  the 
revolutions  were  kept  down  in  order  that  the  propeller  might  be 
large  enough  to  have  some  efficiency ;  with  the  result  that  neither 
motor  nor  propeller  reached  their  maximum  efficiency,  each  having 
made  a  sacrifice  to  help  the  other,  and  so  it  was  exactly  on  a  par 
with  the  turbine  vessel.  Although  he  was  afraid  his  engineering 
friends  would  scoff  at  the  suggestion,  he  thought  the  time  had 
arrived  when  the  question  of  gearing  should  be  considered.  In 
the  early  days  of  screw  propulsion,  gearing  was  adopted,  as  the 
engines  could  not  run  fast  enough  for  the  propeller.  Direct 
driving  followed,  and  he  felt  that  with  the  present  style  of  motor 
or  turbine  it  might  be  advisable  to  introduce  gearing.  He  had 
experimented  with  gearing  in  a  small  way  with  a  motor  boat,  and 
the  results  had  surprised  him.  He  ti*ied  a  small  petrol  engine 
geared  down  two  to  one  by  a  chain  drive,  with  the  result  that  the 
motor  was  able  to  run  at  its  maximum  revolutions.  The  pro- 
pellers running  at  a  reasonable  speed  could  be  of  a  reasonable 
diameter,  and  a  ratio  of  effective  horse  power  to  brake  horse  power 
could  be  obtained  almost  as  high  as  the  best  of  the  turbine  boats 
that  were  mentioned  in  the  paper.  Of  course  it  was  one  thing  to 
work  gearing  with  a  boat  25  feet  long,  and  quite  another  matter 
with  a  ship  600  feet  in  length ;  but  he  thought  there  was  a 
possibility  of  screw  gearing  being  adopted  somewhat  on  .the  lines 
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of  that  used  in  the  Lanchester  motor  car.     It  would  run   for 
thousands  of  miles  without  showing  appreciable  wear,  and  such  a 
gear  might  give  the  de  Laval  turbine  a  chance  of  being  applied  to 
marine  propulsion.     Another  advantage  of  using  a  large  propeller 
was  in  starting  and  reversing  the  vessel.    With  the  small  propeller, 
that  was  a  weak  point  in  a  turbine  ship,  and  a  large  propeller 
would  get  over  the  defect     Tank  models  helped  largely  in  in- 
vestigations,  but  they    had    their    limitations.      The    principal 
limitation  was  atmospheric  pressure.     A  model  propeller  placed 
a  foot  below  the  surface  had  an  atmospheric  pressure  equivalent 
to  nearly  30  feet  of  water  on  the  top  of  it,  and  a  propeller  30  feet 
in  diameter  had  only  its  own  diameter  above  it.     That  difference 
was  so  serious  that  it  shifted  the  cavitation  point  out  of  scale 
altogether.     To  get  over  this  difficulty,  an  experimental  tank  would 
have  to  be  arranged  with  self-recording  instruments,  the  air  being  so 
rarefied  that  during  experiment  it  would  bear  the  same  relation  to 
the  model  as  the  atmosphere  did  to  the  full-sized  ship.   There  was 
another  difficulty  with  the  present  type  of  turbine  vessels.     They 
had  almost  invariably  three  shafts.     Now  for  river  or  cross-channel 
steamers  that  did  not  matter,  but  with  large  passenger  and  cargo 
vessels  having  such  an  arrangement  the  designer  had  a  grievance 
The  bottom  of  the  ship  abaft  the  machinery  space  was  monopolised 
by  these  shafts,  and  the  result  was  that  the  centre  of  gravity  of 
the  cargo  spaces  was  veiy  far  forward,  which,  of  course,  could  not 
be  helped.      The  common  centre  of  gravity  of  the  ship,  when 
loaded,  was  much  further  forward  than  when  light,  and  therefore 
inevitably  there  was  a  big  difference  of  trim  between  these  con- 
ditions.    A  vessel  only  devoted  to  cargo  might  be  designed  with  a 
quarter  deck  or  a  long  poop  or  something  of  that  kind,  but  cargo 
steamers  driven  by  turbines  were  not  yet  in  evidence — if  ever  they 
would  be.      Usually   the  upper    part  of  a  turbine  vessel  was 
monopolised  by  passenger  space,  and  the  objectionable  feature 
could  not  be  got  over.     If  the  centre  shaft  could  be  got  rid  of,  a 
tunnel  as  in  an  ordinary  twin  screw  steamer  might  be  arranged 
There  was  another  shipbuilding  point  referred  to  by  the  Authof 
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regarding  the  defectdve  ventilation  of  turbine  rooms,  and  he  knew 
that  a  great  number  of  vessels  suffered  from  that.  It  was  a  fault 
that  was  not  altogether  incurable,  and  it  was  largely  due  to  the 
nervousness  of  the  turbine  maker  with  regard  to  stripping  of 
blades  and  possible  break  down.  A  turbine  was  long  (un- 
fortunately, it  usually  worked  out  rather  longer  than  the  ordinary 
engine),  and  it  was  liable  to  the  disease  of  stripping,  when  it  had 
to  be  taken  out  to  be  sent  back  to  the  maker ;  in  consequence,  the 
air  casing  had  to  be  made  large  enough  to  let  the  turbine  out.  If 
the  makers  of  turbines  could  guarantee  that  the  turbines  would 
not  require  to  be  unshipped  for  repairs,  the  shipbuilders  could 
divide  the  air  casing  into  two  portions,  with  one  portion  over  the 
after  end  of  the  turbine  room  and  the  other  over  the  fore  end,  and 
so  have  a  complete  circulation  of  air  through  the  space.  It  was 
pretty  much  the  same  with  regard  to  ships'  galleys,  which  in  some 
ships  were  very  hot  places.  Some  of  them,  indeed,  were  worse 
than  any  naval  turbine  room ;  in  fact,  it  was  almost  impossible  to 
live  in  them,  but  with  this  system  of  ventilation  the  galley 
nowadays  was  no  worse  than  any  other  part  of  the  ship.  As  to  a 
comparison  between  ordinary  screw  steamers  and  turbine  vessels, 
it  was  almost  impossible  to  get  data  on  which  to  work,  because  a 
comparison  which  was  true  to-day  was  not  so  to-morrow.  The 
best  published  comparison  was  that  respecting  the  Midland  Bail- 
way  Company's  steamers,  which  furnished  an  excellent  contrast 
between  the  **  Antrim  "  and  the  *'  Londonderry."  That  had  been 
drawn  up  with  every  care  to  avoid  undue  favour  to  the  turbine, 
and  still  the  turbine  showed  a  sensible  advance  on  the  reciprocating 
engines,  taken  at  the  time.  But  to-day  that  comparison  was  of 
little  value.  The  "Antrim"  was  an  exceedingly  fine  vessel,  and 
if  she  had  to  be  repeated  to-day  he  doubted  if  either  her  designers 
or  builders  could  improve  upon  her  from  the  standpoint  of  speed, 
but  with  the  "  Londonderry"  it  was  quite  different.  Coming  from 
the  22  knots  of  the  <*  Londonderry "  to  the  23  knots  of  the 
*•  Manxman,"  there  was  an  increase  of  boiler  pressure  of  from  160 
to  200  lbs.     The  turbines  were  designed  to  utilise  all  the  steam 
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produced  by  the  boilers,  whereits  in  the  "Londonderry"  they 
were  designed  to  Work  best  with  the  single-ended  boilers  shut 
down.  In  order  to  carry  the  extra  weight,  the  **  Manxman  "  had 
had  her  beam  increased  one  foot.  To-day  a  **  Londonderry"" 
could  be  easily  built  to  reach  the  speed  of  the  '*  Manxman"' 
without  any  of  these  increases,  and  in  fact  in  the  case  of  the 
**  Invicta  "  it  had  been  done  on  even  smaller  dimensions.  He  had 
looked  through  the  paper  in  vain  for  one  thing,  and  that  was  any 
reference  to  the  gas  turbine.  The  steam  turbine  had  given  the 
engineer  a  lighter  motor — there  was  no  doubt  about  that — its. 
introduction  had  got  rid  of  a  great  deal  of  the  vibration,  if  not  alU 
but  the  weight  and  trouble  of  the  boilers  still  remained.  He  waa 
sorry  to  add  to  the  number  of  questions  which  Mr  Speakman  had 
to  answer,  but  he  would  like  to  know  if  Mr  Speakman  did  not  think 
that  if  the  gas  turbine  did  not  come  pretty  soon  it  would  have 
a  hard  fight  with  the  reciprocating  gas  engine  for  marine  pro- 
pulsion ? 

Mr  W.  H.  RroDLESWORTH,  M.Sc.  (Associate  Member),  said  it 
was  with  feelings  of  more  than  ordinary  diffidence  that  he  rose  to- 
address  the  meeting  after  the  very  eloquent  opening  by  Mr  Ward. 
He  would  like  to  ofifer  a  few  critical  remarks  on  this  interesting, 
paper,  but  before  doing  so  he  would  like  to  pay  tribute  to  the  skill 
with  which  Mr  Speakman  had  collected  the  tables  and  data  on 
matters  which  were  certainly  not  very  easily  got  at.  The  first 
part  of  the  paper  was  devoted  to  the  relation  of  propeller  and 
motor,  and  the  intimate  inter-relation  of  these  had  formed  the 
subject  of  many  essays  and  attempts  at  elucidation,  whilst  the 
attempts  at  overcoming  the  difficulties  had  produced  almost  as. 
many  wonderful  devices  as  the  search  for  the  elusive  perpetual 
motion  machine.  The  particular  troubles  incident  to  high  rota- 
tional speed  had  often  been  made  patent  to  those  who  had  tried 
to  obtain  light  weight  machinery  or  small  dimensions  of  propeller. 
The  steam  turbine  was  essentially  a  high  speed  motor,  and  it  was 
only  by  a  compromise  between  almost  irreconcilables  that  any  satis- 
factory propelling  apparatus  could  be  made.     To  that  problem  the 
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first  part  of  the  paper  was  devoted,  and  it  was  a^ssumed  as  a  working 
basis  that  the  desirable  thing  was  to  make  the  revolutions  as  great 
4i»  was  consistent  with  a  reasonable  propeller  effioienoy.  That  was 
4b  point  which  required  sonae  proof,  as  it  was  quite  conceivable  that 
«ome  lower  speed  at  which  the  propeller  efficiency  might  be 
igreater  would  pay  in  spite  of  the  probably  increased  dimensions 
and  weight  of  the  turbines.  The  Author's  first  step  in  the  solution 
of  this  part  of  the  programme  was  to  obtain  the  minimum  diameter 
of  the  propeller,  and  this  he  did  without  reference  either  to  pitch 
•or  revolutions,  both  of  which  must  obviously  have  no  inconsiderabh 
influence  on  the  dimensions  of  the  propeller.  He  would  suggest 
that  a  somewhat  similar  formula  to  that  on  page  21  might  safely 
be  used  to  give  the  minimum  projected  blade  area,  but  that  in  this 
present  form  the  Author's  formula  was  incomplete  and  apt  to  be 
misleading.  It  was  probable  for  ships  which  had  to  make  fair 
weather  passages  and  for  which  a  high  trial  trip  record  (in  smooth 
water)  was  the  desideratum,  that  the  pressure  should  be  pushed  to 
the  point  at  which  cavitaton  was  imminent,  but  for  ships  that  had 
to  keep  time  in  all  weathers  the  pressure  allowed  should  be  kept 
down  something  like  in  the  ratio  of  the  smooth  water  resistance 
to  the  augmented  resistance  due  to  bad  weather,  etc.  On  page  24 
the  Author  said,  *'  Having  obtained  the  diameter  of  the  propeller 
and  the  revolutions  possible,  the  design  of  the  turbine  can  then  be 
undertaken,  but  for  this  no  formulas  exist  at  present,  such  as  are 
met  with  in  reciprocating  engine  practice."  He  had  tried  to  show 
that  the  diameter  obtamed  by  the  formula  on  page  21  ought  rather 
to  be  regarded  as  an  indication  of  the  minimum  projected  area, 
whence  of  course,  assuming  a  surface  ratio,  diameter  could  be 
obtained,  but  he  nowhere  saw  any  method  of  determining  revolu- 
tions unless  he  was  to  infer  it  from  the  allowable  speed  of  blade 
tips.  The  relation  between  axial  thrust  and  circumferentid  speed 
of  blade  was  by  no  means  a  simple  one,  as  might  be  seen  from  the 
Author's  Fig.  1,  which  might  be  accepted  for  the  present  purpose. 
Hence  any  calculation  of  revolutions  from  these  two  elements 
alone  must  be  of  somewhat  doubtful  value.     Accepting  the  thesis 
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that  the  revolutions  must  be  kept  as  great  as  practicable,  he  would 
suggest  that  the  propeller  should  be  designed  on  the  ordinary  lines 
if  possible  by  a  method  involving  all  the  elements  of  the  propeller ; 
that  was  revolutions,  diameter,  pitch  ratio,  and  surface  ratio,  etc. 
That  might  have  to  be  done  for  a  series  of  revolutions,  and  one 
ought  to  be  able  then  to  see  what  sacrifice  of  efficiency  would  be 
necessary  in  any  particular  case  in  order  to  keep  the  thrust  pressure 
on  the  blades  below  the  predetermined  maximum.  The  maximum 
revolutions  could  also  be  determined,  and  the  problem  solved 
generally.  Even  then,  the  solution  or  solutions  of  the  propeller 
problem  would  not  be  as  definite  as  might  be  wished,  for  it  was  well 
known  that  many  cases  have  arisen  in  which  the  best  information 
had  been  read  as  a  basis  for  determining  propeller  dimensions,  and 
yet  vast  improvements  have  been  made  by  changes  of  propeller 
which  had  apparently  not  been  foreseen  in  the  original  solution. 
The  case  of  the  cruisers  of  the  ''Drake"  class  would  at  once  occur 
to  many.  Assuming  the  dimensions  of  the  propeller  fixed,  then 
the  next  consideration  was  of  the  turbine  problem.  He  did  not 
propose  to  deal  with  that  at  any  great  length,  but  he  must  call  the 
Author's  attention  to  the  looseness  with  which  he  had  explained 
his  method  of  finding  the  velocity  of  flow  of  steam.  That  was,  he 
thought,  best  explained  as  that  velocity  which  implied  that  the  added 
kinetic  energy  of  the  fluid  was  equal  to  the  work  done  in  expand- 
ing, in  whatever  way  it  did  expand — adiabatic  or  otherwise — from 
the  initial  pressure  to  the  final  pressure  in  the  passage  under  con- 
sideration.   In  Fig.  19,  if  a  pound  of  steam  at  p^  v^  passed  through 


Fig.  19. 
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the  turbine  and  expanded  to  p^v^,  then  at  any  particular  stage  in 

the  turbine,  if  the  pressure  was  pv  for  a  small  drop  in  pressure, 

suoh  as  from  row  to  row,  the  work  =  v8p,  and  the  velocity  was 

V2 
such  that  o^  =  "  vSpf  the  initial  velocity  being  neglected,  or  with 

V  *  -  V  « 
an  initial  velocity  V»  -~ =  -  v8p.  In  a  paper  read  before  the 

Institution  last  session,  Mr  Melencovich  gave  a  very  elegant  method 
of  finding  the  successive  pressures,  and  hence  the  drop  in  pressure 
from  row  to  row  when  the  work  was  equally  divided  amongst  any 
number  of  rows  of  blades.  It  might  be  noted  that  the  Author's  use 
of  "8"  as  the  value  of  ^'2g  in  his  formula  was  capable  of  a  re- 
finement which  was  surely  well  worth  makiug.  Even  a  common 
lO'inch  slide  rule  showed  a  very  considerable  difiference  between 
the  accepted  value  of  J2g  and  8.  In  connection  with  the  relation 
of  the  blade  velocity  and  the  steam  velocity,  it  was  worthy  of  note 
that  the  two  cases  quoted  at  the  middle  of  page  25  were  only 
correct  when  the  angle  between  direction  of  motion  of  the 
impinging  or  issuing  jet  and  the  blade  was  zero ;  for  all  other 
cases,  a  relation  depending  on  this  angle  held  good.  Of  course, 
in  a  combination  impulse-reaction  turbine  the  relation  of  these 
velocities  was  empirical  to  a  certain  extent.  In  conclusion,  he 
would  point  out  the  futility  of  elaborate  theoretical  investigations 
of  the  necessary  blade  heights,  etc.,  when  it  was  impracticable  to 
approximate  to  these  dimensions,  and  the  blades  had  to  be  made  of 
constant  size  for  very  considerable  portions  of  the  length  of  the 
turbine,  although  by  suitably  grading  the  packing  pieces  much 
might  be  done  to  make  the  openings  of  approximate  sizes; 
and  until  a  method  of  building  turbines  was  evolved  which 
allowed  each  row  of  blades  to  be  made  of  the  proper  size,  all 
turbine  dimensions  must  of  necessity  depend  on  a  number  of 
empirical  rules  which  would  naturally  be  guarded  with  the 
greatest  jealousy  by  the  fortunate  possessors  of  sufficient  ex- 
perience to  enable  them  to  devise  such  rules.  One  line  of 
progress,  it  seemed  to  him,  lay  in  the  direction  of  abolishing 


06  THE   STEAM   TURBINE,    WITH 

Mr  W.  R.  Biddlesworth.  M.8e. 

Steps  in  the  size  of  the  vanous  rows  of  blades,  and  another 
was  in  the  adoption  of  a  more  mechanical  construction  of  the 
blades  and  passages,  one  example  of  which  was  shown  by  a  yery 
enthusiastic  advocate  at  the  last  meeting. 

Mr  John  Beikie  (Member)  considered  Mr  Speakman*s  paper 
one  of  very  great  interest  to  every  engineer.  Although  the  Author 
had  framed  it  with  special  reference  to  marine  work,  the  question 
of  economy  in  steam  consumption  was  of  vital  importance  to  all 
engineers,  and  any  remarks  bearing  on  that  question  might  lead 
to  still  greater  economy  than  that  now  attained  in  general  practice. 
As  a  locomotive  engineer— in  which  branch  of  engineering  it  was 
at  present  impracticable  to  make  use  of  the  steam  turbine  -  he  did 
not  agree  with  Mr.  Izod  that  this  type  of  engine  was  the  only  one 
for  future  marine  work.  For  marine  practice,  although  the  turbine 
might  at  present  have  a  great  advantage  over  that  of  the  slow-speed 
triple-expansion  reciprocating  engine  with  respect  to  high  rotative 
shaft  speed  and  steady  running,  still  the  introduction  of  a  high- 
speed reciprocating  engine  in  combination  with  a  high  steam 
pressure  of  500  lbs.  and  upwards,  and  designed  so  as  to  make  use 
of  steam  superheated  to  a  high  degree,  would  not  only  place  it  on 
an  equal  footing  with  the  turbine  as  regarded  high  rotative  speed 
and  eliminating  vibration,  but  it  would  enable  it  to  reach  a  very 
much  lower  consumption  of  steam  than  that  possible  with  the 
turbine  as  now  designed.  Begarding  economy  in  steam  con- 
sumption, his  opinion  was  that  if  the  maximum  efficiency  were 
to  be  attained  with  every  engine  designed,  it  became  necessary  to 
have  a  standard  in  the  quality  of  steam  generated  in  the  boiler, 
equally  as  much  as  for  material  used  in  making  the  engine.  So  far 
as  he  could  judge,  steam  of  the  highest  pressure  carried  in  boilers 
was  accepted  by  many  engineers  as  being  the  best  in  quality. 
That  appeared  to  him  to  be  a  mistaken  idea ;  the  measure  of 
quality  in  steam  should  be  temperature,  not  pressure,  so  that 
every  engine  should  compete  on  equal  terms  in  economy  in  steam 
consumption,  independent  of  the  pressure  carried  in  the  boiler. 
On  page  36  the  Author,  when  referring  to  the  cylinder  of  the 
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'turbine,  mentioned  a  lempemture  of  400  degrees  as  a  maEimum, 
although  that  temperature  did  not  admit  of  the  best  quality  of 
steam  being  used  in  the  cylinders,  still  it  would  be  found  by  a 
reference  to  Fig.  12,  that  the  consumption  of  steam  was  as  low 
as  13|  lbs.  per  i.h.p.  He  would  like  to  ask  the  Author  if  the  steam 
used  in  the  cylinders  of  the  engines  of  the  other  vessels  shown  in 
the  same  table  was  of  the  same  temperature,  for  if  not  it  might  go 
&  long  way  to  explain  the  difference  in  steam  consumption.  As  to 
the  introduction  of  a  standard  quality  of  steam,  experiments  only 
would  bring  to  light  what  the  temperature  should  be  to  form  that 
standard.  So  far,  he  had  found  no  difficulty  from  using  a  tempera- 
ture as  high  as  900  degrees  F.  in  cylinders;  this,  however,  might  be 
as  much  above  the  average  required  to  bring  about  the  best  results, 
as  400  degrees  F.  was  too  low.  Experiments  on  the  Continent  with 
a  300  H.P.  engine  had  proved  that  with  a  temperature  of  about 
540  degrees  F.,  the  consumption  of  steam  per  i.h.p.  was  brought 
down  to  9*9  lbs.  What  could  be  accomplished  with  one  engine 
should  be  within  the  reach  of  all  engineers ;  a  universal  reduction 
of  steam  consumption  was  surely  a  goal  all  interested  in  the  search 
for  economy  should  endeavour  to  reach.  If  the  steam  turbine 
could  not  compete  with  the  reciprocating  engine  under  such 
exacting'  conditions,  he  had  no  doubt  it  could  be  designed  to  do  so. 
He  was  not  quite  sure  if  Mr  Izod  had  not  already  in  view  the  early 
introduction  of  very  highly  superheated  steam,  for  he  remarked 
that  the  turbine  of  ten  years  hence  might  differ  materially  from 
that  of  the  present  day. 

Mr  James  Hamilton  (Member)  remarked  that  some  observations 
made  by  Mr  Jack  had  suggested  to  him  that  he  might  say 
a  word  or  two  which  might  be  useful  in  connection  with 
cavitation  and  the  figures  for  the  pressure  per  unit  of  projected 
area  of  propeller.  He  had  for  a  long  time  thought  that  blade 
interference  had  more  to  do  with  inefficiency  of  propellers  than 
cavitation,  and  he  had  taken  the  trouble  to  plot  down  the  path 
traced  by  each  blade  of  a  propeller,  and  it  was  very  surprising  to 
see,  when  allowances  for  the  advance  of  the  screw,  the  slip,  and 
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the  wake  were  made,  what  a  very  amall  layer  of  water  each  bladd 
:bad  to  work  upon  with  fast  speed  yess^ls,  such  as  were  under  dis- 
cussion, and  it  was  worse  wl)en  the  ship  did  not  travel  fast  lik& 
the  screw.  .That  had  been  confirmed  in  a  small  yacht  fitted  with 
a  motor,  which  he  owned,  and  he  was  surprised  to  find  that  in 
making  a  distance  of  about  13  nautical  miles,  after  one  of  the 
blades  of  the  propeller  had  been  thrown  ofif,  she  went  about  as  fast 
with  the  one  blade  as  with  the  two  blades.  It  was  not  very  good 
for  the  shaft,  but  he  did  not  think  it  suffered  The  point  was  that 
there  was  a  great  deal  less  blade  interference,  and  there  was  very 
little  difference  between  the  speed  with  the  two  blades  and  the 
speed  with  the  one  blade.  Of  course  the  engine  was  running 
about  1,000  revolutions  in  the  one  case,  and  about  750,  or  the 
normal  speed,  in  the  other  case,  the  propeller  going  at  half  the 
speed  of  the  engine  in  each  case,  connection  being  by  a  chain 
belt  and  pulleys.  Those  investigating  propeller  problems  should 
consider  the  question  of  blade  interference.  It  was  perhaps  easy 
to  calculate  the  pressure  on  the  disc,  but  in  what  way  could  an 
analysis  be  made  to  show  that  after  reaching  11  or  12  lbs.  per 
square  inch  the  efficiency  fell  off?  Although  the  adoption  of  such 
a  pressure  might  be  a  convenient  way  of  ensuring  that  the  pro- 
pellers were  not  made  too  small,  the  falling  off  in  efficiency 
might  be  equally  a  question  of  blade  interference  and  not  a 
matter  of  cavitation  at  all. 

Mr  James  Anderson  (Associate  Member)  said  that  Mr  Speak- 
man  had  stated  that  the  tensional  pressure  of  propeller  blades 
was  approximately  from  10  to  12  lbs.  per  square  inch  at  a  depth 
of  12  inches  below  the  surface,  and  he  desired  to  know  if  the 
indicated  horse  power  used  in  the  thrust  formula,  got  from 
model  experiments,  was  calculated  from  the  steam  consumption 
or  from  a  torsion  meter  ?  He  considered  the  formula  at  the  foot 
of  page  25  somewhat  indefinite,  and  he  could  not  make  out  what 
"8"  was. 

Mr  John  Alexander  (Member)  asked  the  Author  if  he  would 
tell  the  Institution  what  the  present  method  of  grouping  the 
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turbines  was  in  a  vessel  running  at  cruising  speed?  In  electrical 
work  the  power  of  the  steam  turbine  was  generally  governed  by 
altering  the  period  of  the  blasts  of  steam  admitted  to  the  turbine, 
and  he  would  like  to  know  if  this  method  was  used  in  vessels  with 
turbines  running  at  reduced  fl'ieo'^«»? 

Mr  R  T.  Napier  (Member)  observed  that  the  use  of  triple  pro- 
pellers came  up  in  connection  with  the  application  of  the  steam 
turbme  to  marine  purf)Oses.  Those  who  had  experience  with 
twin  screw  steamers  knew  that  the  slip  was  much  greater  than 
with  single  screws,  and  he  asked,  if  it  was  not  a  business  secret, 
whether  it  was  customary  to  make  the  centre  propeller,  where  three 
were  used,  of  less  pitch  than  the  wing  propellers.  If  this  was  not 
done  at  present,  he  was  prepared  to  learn  some  day  that  power 
was  being  lost.  Another  matter  was  the  time  required  for  the  con- 
struction of  large  steam  turbines.  The  number  of  blades  on  a 
single  rotor  amounted  to  hundreds  of  thousands,  and  the  number 
that  could  be  fixed  in  a  working  day  was  limited.  He  asked  if  it 
was  not  the  case  that  for  engines  of  large  power  those  of  the 
turbine  type  required  longer  time  to  construct  than  did  multi- 
cylinder  engines. 

Mr  EoBBRT  EoTDs,  B.So.  (Member)  observed  that  Mr  Speakman 
had  said  that  the  greater  the  ratio  of  Yt  to  Vs,  the  greater  would 
be  the  required  number  of  rows  of  blades.  It  appeared  to  him 
that,  the  number  of  rows  required  depended  on  the  amount  of 
useful  work  that  could  be  given  to  the  turbine  by  the  steam  per 
row  of  blades.  He  would  like  to  know  what  particular  law  Mr 
Speakman  adopted  when  he  calculated  the  volume  for  actual 
expansion,  whether  it  was  with  70  per  cent,  efficiency  or  80  per 
cent.,  or  some  intermediate  value? 

Correspondence. 

Mr  B.  M.  Nbilson  (Manchester)  felt  that  Mr  Speakman's 
paper  was  full  of  useful  information,  much  of  which,  he  believed, 
had  not  been  published  before.  Mr  Speakman  had  referred  to 
the  leakage  over  the  tips  of  the  blades  in  Parsons'  turbine.     The 
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effect  which  that  leakage  had  on  the  efficiency  of  a  turbine,  was  a 
question  which  had  been  generally  passed  over  without  comment, 
by  writers  of  papers  on  steam  turbines.    That  was  probably  due 
to  the  fact  that  it  was  difficult  to  tell  how  much  loss  was  due  to 
this  cause.        Mr  Speakman    suggested  that  that  leakage  was 
perhaps  not  so  detrimental  on  account  of  actual  leakage  loss  as  in 
its  heating  efifect,  because  the  heating  of  the  steam  increased  its 
volume,  and   thus  upset  calculations  regarding  dimensions.     It 
was,  of  course,  impossible  in   designing  a  turbine  to  calculate 
exactly  what  the  heating  effect  due  to  leakage  over  the  tips  of  the 
blades  would  be ;  but  it  was  quite  possible,  he  believed,  to  calculate 
the  heating  effect  with  sufficient  exactness  to  enable  the  turbine 
dimensions  to  be  determined  without  great  error  due  to  that  cause. 
The  changes  of  volume  of  the  steam  caused  by  friction  and  by 
the  transference  of  heat  to  the  metal  parts  were,  in  his  opinion, 
much  more  difficult  to  ascertain  beforehand  than  the  change  of 
volume  due  to  the  heating  effect  of  leakage  past  the  tips  of  blades. 
While  the  difficulty  due  to  this  change  of  volume,  produced  by 
leakage  past  the  tips  of  blades,  was,  in  his  opinion,  not  serious,  he 
believed  that  the  direct  loss  due  to  this  leakage  might  be,  and  in 
some  cases  was  very  serious.     A  certain  amount  of  heat  energy 
of  the  steam  was  at  every  stage  converted  into  kinetic  energy. 
With  the  kinetic  energy  so  acquired,  some  of  the  steam — some- 
times a  large  percentage — leaked  past  the  tips  of  the  blades,  and  a 
great  part  of  its  kinetic  energy  was  converted  back  into  heat.     It 
might  be  thought  at  first  sight  that  this  energy  was  not  lost :  it  was 
only  converted  into  another  form.     As  a  matter  of  fact,  however, 
rrnich  of  it  was  lost  as  far  as  ultimately  getting  useful  work  out  of 
it  was  concerned.     This  would  be  obvious  on  a  little  consideration. 
He  did  not  need  to  give  the  proof  here,  but  the  loss  ^vas  on  the 
same  lines  as  that  which  would  occur  if  the  heat  produced  by 
friction  in  the  turbine  bearings  were  used  to  generate  steam  to 
drive  the  turbine.     The  leakage  past  the  tips  of  the  blades  was,  in 
his  opinion,  an  important  loss  in  turbines  of  the  Parsons  type. 
The  percentage  leakage  was  usually  greater  at  the  high  pressure 
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end  of  the  turbine,  but  the  thendo^-dynamic  loss  for  a  given  weight 
of  leaking  steam  was  here  least.  Fig.  9,  showing  the  tip  clear- 
anoeSy  was  very  interesting,  but  its  value  would,  he  thought,  be- 
much  more  added  to  if  the  heights  of  the  blades  were  also  given. 
He  presumed  that  the  overall  diameter  was  measured  from  tip  to 
tip  of  the  rotating  blades,  and  was  not  the  outside  diameter  of  the- 
fized  casing.  A  little  more  explanation  of  Fig.  10  would  also  be 
useful.  Mr  Speakman  gave  a  formula,  which  depended  on  the 
effective  thrust,  for  finding  the  diameter  of  a  propeller.  In  order 
to  use  that  formula  as  the  Author  intended,  it  was  necessary  to 
know  what  assumptions  he  had  made  in  obtaining  the  effective 
thrust.  On  page  90,  it  was  stated  that  ''the  higher  speed  neces- 
sary on  the  L.p*s  was  got  by  running  at  considerably  higher  revolu- 
tions than  on  the  h.p.  shaft. '  *  Why  *  *  necessary  "  ?  In  referring  to 
the  material  of  which  turbine  blades  were  made,  Mr  Speakman  said 
the  alloy  contained  16  per  cent,  of  copper  and  3  per  cent,  of  tin. 
It  would  be  interesting  to  know  what  the  remaining  81  per 
cent,  was? 

Mr  HsNRY  L.  S.  NicoL  (Southampton)  stated  that  having  had 
a  considerable  experience  in  turbine  work,  both  in  designing  and' 
running  turbines  from  200  K.w.  to  5500  e«w.,  and  being  at  present 
with  Messrs.  Thornycroft,  directing  their  turbine  work  for  torpedo- 
boat  destroyers,  he  felt  much  indebted  to  the  Author  for  his  very  able 
and  valuable  paper.  One  had  only  to  study  the  subject  a  little  to 
find  the  many  difficulties  which  had  to  be  overcome  before  the  final 
design  could  be  attempted.  The  Author  had,  as  one  might  say 
laid  the  foundation  stone.  Of  the  many  papers  which  had  been 
read  before  the  various  Institutions,  perhaps  never  had  the  subject 
been  so  openly  treated,  and  he  hoped  the  formulsB  given  in  this, 
paper  might  be  fully  considered  and  bear  a  future  weight  in 
turbine  design.  From  a  practical  point  of  view,  he  would  like  to 
bring  forward  three  important  points,  namely: — (1)  Distortion 
through  cylinder  design,  (2)  balancing,  and  (3)  end  thrust.  With 
regard  to  distortion,  he  had  met  with  it  in  several  turbines,  and  in 
one  special  case,  an  1800  k.w.  machine  on  test  (after  being  bal- 
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Anced,  and  all  other  preliminarieB  attended  to)  commenced  to  tip 
so  badly  that  the  test  had  to  be  abandoned.  That  was  due  to  the 
distortion  of  the  cylinder,  and  it  had  to  be  overcome  by  ''relining 
up"  the  spindle  and  increasing  the  blade-tip  clearance  between 
the  cylinder  blades.  That  was  done  by  fixing  and  driving  a 
narrow  emery  wheel,  to  an  arrangement  on  the  boring  bar, 
keeping  the  bar  out  of  its  true  centre,  thus  increasing  the  spindle 
blade-tip  clearance  where  actually  required,  and  treating  the 
cylinder  blade-tips  in  the  same  way.  Although  he  approved  of 
superheated  steam,  naturally  such  high  temperatures  caused 
more  distortion,  which,  he  was  afraid,  would  never  be  totally  over- 
come, as  it  took  place  in  various  directions.  In  his  experience,  the 
most  effectual  way  to  overcome  distortion  had  been  to  increa,se  the 
number  of  radial  ribs  or  webs.  As  to  balancing,  that  was  also  a 
very  important  point,  and  he  had  recourse  to  the  knife  edge,  which 
should  have  plenty  of  bearing  surface  to  ensure  easy  rolling,  and 
to  prevent  marking  heavy  spindles.  Then,  finally  running  the 
spindle  in  its  bearings,  either  by  a  motor,  apart  from  the  turbine,  or 
by  steam  in  its  cylinder.  The  provisions  for  fixing  balance  weights, 
the  number,  and  easy  access  to  same,  were  points  in  design  of 
great  advantage.  The  end  thrust,  the  Author  said,  could  be  cal- 
culated, and  great  care  was  necessary  in  the  calculation.  The 
figures  could  only  help  to  decrease  excessive  end  thrust,  the  finai 
end  thrust  being  acquired  by  careful  measurement  and  regauging 
at  the  blades. 

Mr  John  Wakd  (Vice-President)  considered  it  incorrect  to 
say  that  the  torsion  meter  was  not  a  dynamometer.  It  might 
be  pointed  out  that  the  torsion  meter  was  greatly  superior  to  that 
kind  of  dynamometer  which  absorbed  the  power  to  be  measured, 
in  that  it  measured  the  power  transmitted  by  a  shaft  while  it  was 
'doing  useful  work.  Every  kind  of  dynamometer  must  of  course  be 
calibrated.  In  the  case  of  the  torsion  meter,  the  shaft  formed  an 
-essential  part  of  the  whole  dynamometric  apparatus.  It  was  the 
spring  which  had  to  be  calibrated,  and  this  could  easily  be  done 
before  it  was  placed  on  the  vessel,  or,  alternatively,  it  would  be 


SPECIAL    REFERENCE   TO   MARINE   WORK  63 

Mr  John  Waid. 

found  fairly  accurate  to  use  the  following  formula  for  ordinary 
solid  steel  shafts  : — 

L. 
Where  W  R  =  Foot  pounds  turning  moment. 
d  =  Diameter  in  inches  of  shaft. 
0  =  Angular  deflection  in  degrees.  )  Between  the  discs 
L  =  Length  in  feet  of  shaft.  \     of  the  meter. 

Mr  WiLiiiAM  Gbay  (Member)  stated  that  the  figures  which 
Mr  Speakman  quoted  from  his  paper,  read  at  the  Institution  of 
Naval  Architects  in  July  last,  were  based  on  observations  made  at 
the  speed  trials  of  the  respective  vessels,  and  they  were  not 
approximate.  He  (Mr  Gray)  did  not  say  they  were  absolute 
figures,  they  were  given  in  the  paper  as  comparative  with  the 
word  "comparative"  italicised.  The  ''Manxman"  had  one  foot 
more  beam  to  give  her  increased  stability  as  she  was  built  for  the 
Isle  of  Man  passenger  traffic,  and  the  whole  of  the  shade  deck  was 
available  for  passengers  as  compared  with  a  portion  at  the  forward 
end  in  the  other  vessels.  The  increase  in  beam  had  no  connection 
with  the  larger  turbines. 

Mr  John  H.  Macalpine  (Member),  after  reading  Mr  Speak- 
man's  paper  repeatedly  with  interest  and  profit,  thought 
there  were  quite  a  number  of  points  which  the  Members  of  the 
Institution  would  like  the  Author  to  amplify.  Some  of  these 
he  would  touch  upon  in  the  following  remarks.  The  co-ordinate 
subjects  of  propulsive  efficiency  and  propeller  thrust  were  fre- 
quently referred  to.  But  while  on  page  23  effective  thrust  was 
referred  to  as  a  somewhat  subtle  subject,  at  quite  a  number  of 
places  the  true  value  of  the  propulsive  efficiency  or  thrust  was 
supposed  to  be  known,  or  to  be  calculable  with  considerable 
accuracy  for  the  various  classes  of  work,  when  determining  the 
proper  dimensions  of  the  propeller  and  the  turbine.  In  referring 
to  Table  I.,  the  value  of  G  was  stated  to  be  probably  within  2  per 
cent,  of  the  truth.     As  G  was  proportional,  in  any  case,  to  the 
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square  root  of  the  effective  thrast,  the  value  of  this  thrust  would 
then  be  true  within  4  per  cent.  It  was  hardly  to  be  supposed 
that  anything  like  such  a  close  approximation  could  be  arrived  at 
except  by  a  most  careful  experiment  on  the  actual  ship  or  on  a 
model.  In  the  latter  case,  when  passing  from  the  model  results 
to  those  of  the  ship,  with  a  propeller  under  a  pressure  of  8  or  10 
lbs.  per  square  inch  of  blade  area,  the  margin  of  possible  error  was 
considerable ;  for  while  the  full  size  propeller  was  near  the  limit  at 
which  it  would  work  without  cavitation,  the  intensity  of  pressure 
on  the  small  model  propeller,  at  the  corresponding  speed,  was  quite 
light,  and  it  was  not  to  be  expected  that  the  action  of  the  water 
in  the  two  cases  would  be  entirely  similar.  If  the  full  size  pro- 
peller produced  cavitation,  the  action  would  be  very  dissimilar. 
This  was  a  question  that  would  repay  careful  experimental 
research.  To  predict,  in  a  proposed  design  of  ship  and  propeller, 
the  value  of  the  effective  thrust  within  4  per  cent,  seemed  to  h^ 
practically  impossible,  and  in  the  design,  both  of  the  propeller  and 
turbine,  much  larger  errors  would  have  to  be  allowed  for.  But 
the  question  of  propulsive  efficiency  was  one  to  which  Mr  Speak- 
man  had  evidently  given  extended  study,  and  he  felt  sure  that  he 
could  add  much  of  interest  to  what  was  popularly  known  on  the 
subject,  and  give  interesting  data  on  which  his  conclusions  were 
based.  In  Table  I.  the  approximate  value  of  C  was  given  as 
30-8.    From  the  equation — 

Diameter  of  propeller  in  feet  =-77— 

C 

C^  =  ^  X  Effective  thrust  per  square  foot  of  disc  area. 

From  this,  for  the  '*  Amethyst,"  effective  thrust  per  square  inch  of 
disc  area — 

30-82x4       ^^  ,^ 
=  ir^44  =  ^'^  1*>«" A. 

In  EngineeriJirj  of  November  18th,  1904,  would  be  found  the  follow- 
ing data  for  the  '"Amethyst"  : — 
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14,000 1.H.P.     (This  must  be  estimated). 

Propellera.                              Diameter.                 Pitch. 

Centre, 6'  -  8'            656' 

Starboard,         ...        6'  -  8"            575' 
Port,      ...         ...        6' -8'            5-75' 

Bmrolatioii* 
ter  minnte. 

4494 

484 

499 

Prom  which — 

Travel  of  propellers  per  minute. 

Centre,           656  x  449*4  = 

Starboard,      5-75  x  484     = 

Port, 5-75  X  490     = 

2948 
2783 
2869 

3) 

8600 

Mean 

2867 

From  this  the  indicated  thrust  approximately — 

14.000  X  33,000       ,^,  ,^,^ 
..HK7             -161,000  lbs. 

The  total  disc  area  =  34*9  x  3  x  144  square  inches.     Therefore,  the 
pressure  per  square  inch  for  100  per  cent,  propulsive  efficiency — 

161,000 
=  34-9~x  3VlU  =  ^^'^  ^^«' 

Equation  A  gave  the  effective  thrust  per  square  inch  from  Mr 

Speakman's  figures,  from  which  the  propulsive  coefficient  was — 

8-4  X  100 


10-Y 


78'5. 


There  must  be  some  serious  discrepancy  between  the  data  used  in 
the  paper  and  that  given  by  Engimerivg,  as  it  seemed  hardly  likely^ 
with  propellers  working  under  such  high  pressure,  that  the  pro- 
pulsive coefficient  was  much  if  any  above  50.  The  sentence,  **It 
seems  likely,  to  some  at  present  undeterminable  extent  but  within 
narrow  limits  for  each  class  of  vessel,  that  the  propeller  efficiency 
IS  proportional  to  the  coefficient  C,  and  this  seems  to  be  borne  out 
by  the  trials  of  the  'Manxman'  and  the  'Londonderry,'  "  he  found 
very  obscure,  and  would  like  Mr  Speakman  to  explain  it  more 
fully.  As  C  was  proportional  to  the  intensity  of  disc  pressure,  it 
seemed  to  him  that  its  relation  to  the  efficiency  of  the  propeller 
must  be  quite  complex,  involving  a  number  of  other  variables,  and 
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following  a  law  very,  different  from  the  simple  one  stated.      No 
doubt  Mr  Speakman's  conclusion  that  where  there  was  danger  of 
cavitation  there  was  no  advantage  of  departing  from  a  true  screw, 
was  founded  on  good  data ;  but  it  seemed  obvious  that  with  a  true 
screw  the  pressure  at  the  tip  must  be  a  good  deal  more  intense 
than  at  the  root  of  the  blade.     This  might  be  a  positive  advantage 
for  low-pressure  screws,  but  surely  must  be  a  disadvantage  when 
the  pressure  was  near  the  allowable  limit.      This  seemed  to  be 
borne  out  by  the  experience  of  the  writer  with  some  torpedo-boat 
propellers.     In  one  set,  the  variation  of  pitch  was  such  as  to  make 
one  expect  great  irregularity  of  pressure  and  consequent  bad  per- 
formance at  high  speeds.      These  were  replaced   by  propellers 
which  had  a  diminished  pitch  towards  the  tip.     In  the  first,  the 
dreakdown  of  efficiency  occurred  long  before  the  maximum  speed 
was  attained,  and  in  the  second,  there  was  no  indication  of  break- 
down, though  the  contract  speed  was  exceeded  by  fully  1^  knots. 
The  fining  of  pitch  towards  the  tip,  giving  diminished  slip  and 
more  edgewise  movement  through  the  water,  must  increase  the 
peripheral  speed  which  could  be  used  without  producing  cavitation. 
With  regard  to  the  turbine,  also,  he  was  sure  Mr  Speakman  could 
readily  add  much  of  very  great  interest.     He  suggested  that  Mr 
Speakman  should  give  an  appendix  containing  the  full  calculations 
for  a  particular  case,  giving  both  the  rough  calculations  on  which 
one  would  make  the  preliminary  determination  of  blading  and  the 
more  exact  calculations  of  fall  of  pressure,  efficiency,  etc.,  with 
notes  at  the  various  steps  showing  what  was  deduced  from  theory 
and  what  from  experience  and  judgment.     Perhaps  this  was  asking 
too  much,  but  it  would  compress  a  large  amount  of  information 
into  a  concise  and  easily  used  form.     All  who  had  had  to  do  with 
turbine  calculations  must  know  that  the  theory  was  very  imperfect, 
and  experience  counted  for  a  great  deal.     JSo  far,  those  who  had 
had  most  experience,  especially  with  marine  turbines,  were  exceed- 
ingly niggardly  in  what  they  had  put  on  record,  and  Mr  Speakman 
would  render  a  distinct  service  by  boldly  breaking  this  reserve. 
There  was  much  which  one  would  like  to  see  discussed  further.   For 
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instance,  it  was  stated  that  "  the  best  ratio  of  blade  speed  to  steam 
speed  was  a  matter  of  opinion."  Was  it  not  the  case  that 
V,  /V,  ='6,  as  used  frequently  in  electrical  work,  had  been  found 
to  be  the  best,  but  that  this  ratio  must  be  reduced  in  marine  work 
partly,  as  Mr  Speakman  stated,  to  keep  down  the  number  of  rows 
of  blades  ;  but  still  more,  at  some  sacrifice  of  efficiency,  to  accom- 
modate the  fast  moving  turbine  to  the  slow  moving  propeller? 
A  few  lines  would  have  made  clear  the  origin  of  the  important 
formula  for  equal  powers  and  efficiencies — 

(Blade  velocity;*  x  No.  of  rows  =  Constant. 
For  if  V,  /V,  =  constant,  the  flow  (neglecting  secondary  losses) 
would  remain  similar  for  the  different  values  of  V, ;  and  the  loss  oi 
head  in  passing  each  row  would  be  proportional  to  V,'  or  V**. 
The  similarity  of  flow  also  showed  that  the  steam,  on  passing  one 
set  of  blades,  was  deprived  of  energy  in  proportion  to  V,*;  hence, 
for  equal  powers,  the  larger  V,*  or  V,*,  the  smaller,  proportion- 
ally, was  the  number  of  rows  required.  Also,  the  total  loss  oi 
head  would  remain  constant.  It  seemed  probable  that  the 
eddying  and  other  losses  would  not  greatly  alter  this  constancy  oi 
efficiency.  The  tabulation  of  the  value  of  the  constant  of  this 
formula  in  a  few  typical  cases  would  be  very  valuable.  He 
thought  Mr  Speakman  had  not  stated  the  real  difficulty  which 
prevented  the  turbine  being  adopted  in  slow  ships.  The  propeller 
must  be  large  enough  to  drive  the  ship  against  a  head  wind  and 
sea,  or  to  keep  it  off  a  lee  shore.  This,  together  with  any  allow- 
able pitch  ratio,  would  bring  the  revolutions  so  low  that  the 
turbine  could  not  be  thought  of.  Fig.  10  showed  the  expansion 
line  of  the  steam  lying  between  that  for  saturation  and  the 
adiabatic  line,  as  of  course  it  should,  since,  due  to  imperfect 
efficiency  arising  from  frictional  and  leakage  losses,  etc.,  less 
energy  was  extracted  from  the  steam  between  the  two  definite 
temperatures  than  would  be  were  the  expansion  exactly  adiabatic. 
Thus  the  actual  expansion  curve,  such  as  that  given  in  Fig.  10, 
would  not  be  quite  the  same  for  all  turbines.  It  would  be  of 
interest  if  the  Author  set  down  exactly  the  assumptions  made  in 
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this  particular  case.  It  was  obviously  a  point  of  considerable 
importance  in  the  determination  of  blade  openings  and  the 
intelligent  design  of  the  turbine. 

Prof.  A.  Jamieson  (Member)  stated  that  Mr  John  Ward  had 
showed  and  explained  the  construction  and  action  of  the  very 
interesting  and  ingenious  Denny-Johnson  torsion  meter  which  his 
firm  had  used ;  but  he  neither  gave  the  full  particulars  concern- 
ing the  percentage  accuracy  of  the  results  derived  from  it,  nor 
referred  to  the  reliance  that  could  be  placed  upon  these  particulars. 
Further,  members  would  feel  ^eatly  indebted  to  Mr  Ward  if  he 
would  give  them  details  of  the  necessary  preliminary  tests  of  shafts- 
in  the  works,  for  angle  of  twist  produced  by  diflPerent  torques,  upon 
different  sizes  and  qualities  of  shafts.  It  would  also  be  interesting 
to  know  how  closely  the  results  arrived  at  by  use  of  the  formula 
Mr.  Ward  gave,  agreed  with  the  results  obtained  from  the  torsion 
meter,  since  he  (Prof.  Jamieson)  had  failed  to  prove  that  the  con- 
stant 140,  used  in  Mr  Ward's  formula,  agreed  with  the  constants 
given  by  various  authors,  as  shown  by  the  accompanying  remarks. 
The  formula  given  by  Mr  Ward  for  the  turning  moment  of  a- 
screw-propeller  shaft  was  as  follows : — 

^^  _^  140  X  {dy  X  e 

L 

Where  W  E  =  Foot-pounds  turning  moment. 
d  =  Diameter  in  inches  of  shaft. 

6  =  Angular  deflection  in  degrees. )  Between  the  discs^ 
L  =  Length  in  feet  of  shaft.  )      of  the  meter. 

It,  however,  did  not  agree  with  the  formula  deduced  from  Seaton, 
Bauer,  Ewing,  and  Jamieson's  rules  for  the  torsional  moment  of 
resistance  of  circular  solid  shafts,  which  all  closely  agreed  with 
each  other,  viz. : — The  turning  or  twisting  moment 

rnxf       G'lrd^e       Gd'O       6l5d'e.     .  , 
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Where  C  =  modulus  of  rigidity,  was  taken  as  5250  tons  per  square 
inch. 

d  =  diameter  of  shaft  in  inches. 

6  =  the  total  angle  of  torsion  or  twist  in  circular  measure. 

L  =  length  of  shaft  in  inches  between  the  two  fixed  points. 

Whereas,  in  Mr  Ward's  formula — 

'But  6  in  degs.  was  eqaal 
T.M.  = = foot-pounds.  ,  i 


to  0'  —  in  circular  mea- 


TT 

sure. 

Hence,    TM.==^-^4-^-l^J-\]^^^^ 

Lx  12x22x2240  L 

when —       d  =  diameter  of  shaft  in  inches. 

6  =  the  total  angle  of  torsion  in  circular  measure. 
L  =  length  of  shaft  in  inches  between  the  discs. 

Would  Mr  Ward  kindly  explain  wherein  this  great,  apparent  differ- 
ence occurred  between  the  numerical  constants  3*6  from  his 
formula,  and  515  as  derived  from  the  other  authorities  mentioned 
above?  It  might  be  as  well  to  state  that  Bauer  and  Ewing  used  a 
value  for  the  modulus  of  rigidity,  C  =  5250  tons  per  square  inch. 
Also,  they  used  a  shearing  stress  in  the  case  of  steady  motion, 
fs  =  13,500  lbs.  per  square  inch  with  steel ;  whilst,  with  wrought 
iron,/i  =  9000  lbs.  per  square  inch,  which  might  be  taken  as  safe 
values  for  the  stresses  in  shafting. 

Mr  BoBBBT  Johnson  (Associate  Member)  considered  that  the 
results  so  far  achieved  reflected  the  greatest  credit  on  those 
responsible  for  the  introduction  of  the  steam  turbine  for  marine 
propulsion,  but  it  was  a  matter  for  regret  that  more  had  not  been 
made  public  both  with  regard  to  the  performance  of  the  machinery 
and  to  the  method  of  design.  The  advantages  claimed  for  the 
turbine  might  be  considered  under  four  heads: — 1,  absence  of 
vibration ;  2,  reduction  in  space  occupied ;  3,  reduction  in  weight, 
and  4,  increased  economy.     As  to  the  first,  it  was  a  temptation  to 
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think  that  this  point  had  been  overestimated.     So  much  had  been 
said  about  it,  and  the  subject  had  been  forced  into  so  much  pro- 
minence that  one  was  led  to  believe  that  the  bogey  of  vibration 
had  been  set  up  for  the  express  purpose  of  being  knocked  dpwn 
again.     His  own  practical  experience  with  turbines  certainly  did 
not  confirm  the  assertion  that  less  space  was  occupied,  i.e.,  les& 
length  of  ship  (the  important  matter  in  the  case),  since  in  all  cases 
with  which  he  had  been  brought  into  direct  contact,  the  fore  and 
aft  length  of  engine  room  would  easily  have  sufficed  for  recipro- 
cating engines  of  the  same  power.    In  certain  classes  of  vessels 
where  the  speed  of  rotation  of  the  machinery  was  high,  everjiihing 
was  sacrificed  to  obtain  lightness.     Saving  of  weight  was  certainly 
an  important  matter,  but  from  experience  so  far  gathered  with 
turbine  machinery  of  the  largest  description,  any  material  reduction 
in  weight  would  not  be  consistent  with  durability  and  reasonable 
propeller  efficiency,  and  the  natural  tendency  at  present  was  to 
make  the  turbine  more  substantial.     It  was  upon  this  question  of 
economy  that  the  marine  turbine  must  stand  or  fall.     Unless  the 
turbine  could  shew  itself  cateris  paribus  superior  in  economy  when 
employed  for  propulsion,  it  could  never  supersede  the  piston 
engine  for  the  ordinary  purposes  of  commerce.      And  it  was 
curious  that  those  who  knew  the  facts  and  who  appeared  to  be 
most  directly  interested  in  the  matter  maintained  a  discreet  silence 
on  this  point.     The  case  of  H.M.S.  ''Amethyst"  was  perhaps  a 
striking  exception,  but  it  must  be  remembered  that  extraordinary 
methods  were  adopted  to  secure  efficiency  and  the  ship  carried  no 
fewer  than  seven  turbines,  three  only  of  which  were  required  for 
full  speed.     This  involved  a  degree  of  complication  and  an  amount 
of  expense,  which  could  not  be  seriously  entertained  as  a  per- 
manent condition.      As  to  the  contention  raised  with  regard  to 
reversing,  viz. — that  a  turbine  propelled  ship  could  be  brought  to 
rest  in  the  same  distance  as  was  required  for  a  ship  with  ordinary 
engines — ^it  was  exceedingly  difficult  to  believe  that  the  astern 
turbines  would  take  effect  on  the  ship  as  quickly  as  piston  engines, 
in  view  of  the  fact,  inseparable  from  all  turbines,  that  of  necessity 
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the  starting  torque  was  small.  Mention  was  made  in  the  paper  of 
cases  in  which  the  blades  of  turbines  had  been  stripped.  This 
appeared  to  be  a  not  altogether  infrequent  occurrence  and  would 
be  a  very  serious  matter  especially  if  it  happened  in  mid- Atlantic. 
Blade  stripping  might  arise  through  the  very  small  radial  clearance 
permissible,  if  so,  then  a  hot  bearing  would  almost  of  necessity  be 
followed  by  the  loss  of  many  blades.  It  was  a  matter  for  regret 
that  Mr  Speakman  had  not  been  able  to  enter  into  the  question  of 
design  more  fully,  but  nevertheless  the  paper  formed  a  substantial 
addition  to  the  literature  of  the  subject.  It  would  be  of  great 
interest  if  the  Author  could  supplement  the  information  already 
given  by  stating  what  the  angles  of  entrance  and  exit  respectively, 
of  the  standard  blade  section,  really  were.  Mr  Speakman  said — 
"The  actual  volume  of  the  steam — not  the  volume  per  lb.,  as 
found  in  tables,  or  the  volume  due  to  adiabatic  expansion,  but  the 
exact  volume  per  lb.  at  any  point  along  the  turbine,  etc."  He  was 
quite  at  a  loss  to  know  what  this  meant,  as  the  on]y  volume  the 
steam  could  have  per  lb.  was  the  volume  as  per  tables,  the  suitable 
table  of  course  being  used.  Was  it  possible  that  Mr  Speakman 
meant  the  volume  of  steam,  per  lb.  of  mixture^  at  any  point,  etc.  ? 
Mr  John  Ward  (Vice-President) — The  formula  which  he  had  placed 
on  record  was  based  on  actual  tests  of  solid  round  steel  shafting 
as  fitted  to  all  the  steamers  built  by  his  firm.  Tests  had  also 
been  made  with  steel,  iron,  and  brass  rods  of  18  inches  in  length 
and  {  of  an  inch  in  diameter,  which  gave  for  k  values  of  134, 
132,  and  57  respectively.  The  lengths  of  ships'  shafting  tested 
varied  from  14  feet  to  78  feet,  and  the  diameters  from  4|  inches 
to  7f  inches.  Altogether,  46  tests  had  been  made,  of  which 
five  were  early  experimental,  in  1901 ;  37  were  made  on  actual 
shafting  for  turbine  steamers,  and  four  on  actual  shafting  of 
reciprocating  marine  engines,  All  the  tests  were  outwith  the 
ships,  and  in  all  cases  the  uniformity  of  the  scale  of  torsional 
deflection  had  been  proved  by  measuring  the  effect  of  five  or 
.six  loads.  •  The  error  involved  by  refraining  from  testing  a 
particular  shafting,  and  taking  b  =  140,  would  not  probably  be 
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very  serious.  The  true  value  of  h  could,  however,  be  easily 
found  (and  the  error  thus  avoided)  by  making  the  actual  tests 
on  each  piece  of  shafting  to  which  the  torsion  meter  was  to 
be  applied.  In  view  of  the  extensive  practical  tests  and  the 
remarkable  consistency  of  all  the  results  of  power  measurements 
which  had  been  obtained  from  turbine  steamers  built  by  his 
firm,  and  some  fitted  with  reciprocating  engines,  it  did  not  seem 
necessary  to  comment  on  the  calculations  Prof,  Jamieson  had  been 


Fig.  20. 

good  enough  to  send  him,  beyond  pointing  out  the  error  into  which 
he  (Prof.  Jamieson)  had  fallen  in  stating  the  same  in  the  Trans- 
actions. It  was  open  to  Prof.  Jamieson  or  any  one  else  to  make 
actual  tests.  At  the  request  of  Mr  Speakman  he  had  much  pleasure 
in  supplying  an  illustration  of  the  Denny- Johnson  torsion  meter^ 
Fig.  20. 

Mr  W.  J.   GouDiE,  B.Sc.  (Member),  thought'  that  Professor 
Jamieson  had  made  a  slip  in  his  calculation  when  deducing  the 
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•** torque"  equation,  given  on  page  69.  It  was  hardly  pos- 
sible that  such  a  descrepancy  between  the  constants,  as  shown 
by  Professor  Jamieson,  could  be  due  to  any  error  in  Mr  Ward's 
formula,  as  he  presumed  the  figure  140  was  the  average  of  a  large 
number  of  experiments  on  actual  shafts.  On  looking  into  the 
matter,  he  found  that  Mr  Ward's  expression  was  exactly  the  same 
as  that  which  could  be  derived  from  first  principles  when  the  value 
of  0  =  6250  tons  per  square  inch,  or  11,760,000  lbs.  per  square 
inch  was  taken  for  the  rigidity  modulus.  This  would  be  evident 
from  the  following  calculation : — It  could  easily  be  shown  if  a 
portion  of  a  shaft  AB,  of  diameter  d  inches  and  length  I  inches, 
had  the  plane  b  twisted  relatively  to  the  plane  a,  Fig.  21,  by  a 
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Fig.  21. 

torque  T,  so  that  any  radial  in  the  plane  b  was  deflected  from  Oa 

to  Ob  through  an  angle  of  <t>  radians,  that,  <f>  =  ?^^,    and    the 

ttCcI* 

torque  T  =  -021      ^^^ch-lbs.,  0  being  the  rigidity  modulus  in  lbs. 

per  square  inch.     In  the  notation  given  by  Mr  Ward,  the  length  L 
was  in  feet,  and  the  angular  deflection  6  in  degrees,  so  that,  in  the 

above  expression,  Z  -  12L,  and  <f>  -  ^w  o-     When  these  were  sub- 

07*o 

stituted,  and  the  left-hand  side  further  divided  by  12,  to  bring  the 

torque  to  foot-lbs.,  it  became — 

m  ^        31416  X  0^^  0       _     ^d'd     .     ... 
12x32xl2Lx57-3  ""  84,046"L  ^^^'^^^  ^ 
and  when  11,760,000  was  substituted  for  0,  the  expression  took 
the  final  form — 

T  =  — = ,    as  given  by  Mr  Ward, 
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If,  as  suggested  by  Professor  Jamieson,  Mr  Ward  could  favour  th& 
Members  with  particulars  of  a  series  of  tests  on  shafts  of  various 
diameters,  it  would  be  instructive  to  note  the  values  of  the  rigidity 
modulus  for  steel  derived  from  these  full-sized  members,  instead  of 
from  small  specimens  of  the  materials.  The  modulus  could  be 
easily  ascertained  in  each  case  by  multiplying  the  constant  by 
84,046. 

Prof.  A.  Jamieson  felt  pleased  that  his  reference  to  the  torsion 
meter  had  elicited  such  practical  information,  as  well  as  the  fact^ 
that  the  formula,  as  stated  by  Mr  Ward,  had  been  based  upon 
results  from  full-sized  shafts.  Further,  that  the  previously 
accepted  constant  for  the  modulus  of  rigidity  of  steel  shafts, 
where  C  =  5250  tons  per  square  inch,  had  been  confirmed  by  the 
large  number  of  experiments  carried  out  by  Mr  Ward's  firm.  It 
was,  however,  unusual  to  issue  a  formula  with  the  numerator  and 
denominator  in  difiPerent  units,  e.g.,  where  d  was  in  inches  and  L  in 
feet,  as  corrected  by  Mr  Goudie.  Consequently,  the  fundamental 
formula  as  deduced  by  him  (Prof,  Jamieson)  for  the  torque, 

T.M.  =  ^1^4~^-inch.tons 

was  correct,  and  agreed  closely  with  the  results  taken  from  actual 
practice,  as  stated  by  Mr  Ward. 

Mr  Speakman,  in  reply  to  the  discussion  and  correspondence,  said 
that  he  had  first  to  thank  the  many  gentlemen  'who  had  contributed 
thereto,  and  especially  Messrs  William  Denny  &  Bros.,  Dumbar- 
ton, who  had  given  the  Members  such  an  excellent  opportunity  of 
making  themselves  better  acquainted  with  the  Denny-Johnson 
torsion  meter.  He  would  endeavour,  as  far  as  possible,  to 
answer  the  speakers  individually,  but  in  some  cases  one  reply 
would  sufl&ce  for  more  than  one  critic.  He  was  greatly  indebted  to 
Messrs  Willans  &  Robinson  for  the  loan  of  the  sample  ring  of 
machine-divided  blading,  to  which  he  had  referred  in  the  paper, 
and  which  was  a  magnificent  sample  of  refined  commercial 
workmanship.       It    was    more    than    this,    of    course;    it    was. 
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essentially  a  practical  solution  of  the  hitherto  weakest  feature  of 
the  multiple  reaction  turbine.  The  "  disease  of  blade  stripping,"" 
quoted  by  Mr  Jack,  was  a  very  great  difficulty,  and  the  cases  in 
which  it  had  occurred  were  very  numerous;  as  the  blading  repre- 
sented such  a  large  proportion  of  the  cost  of  the  turbine — perhaps 
one-fifth  to  one-sixth — such  an  improvement,  representing  as  it 
did  a  much  cheaper  and  infinitely  more  reliable  system,  must  affect 
turbine  design  to  an  enormous  extent.  His  friend,  Mr  Izod,  who 
had  been  so  largely  responsible  for  the  success  of  this  invention, 
had  given  a  diagram  to  illustrate  his  remarks,  in  which  he  sum- 
marized the  losses  that  occurred  in  the  turbine,  though  he  gave 
no  analytical  values,  which  he  might  easily  have  done.  The 
principal  losses  were  due  to  leakage  and  friction,  though  the 
percentage  of  each  varied  considerably  in  different  types  of 
tm-bine.  With  the  shrouded  blading,  the  somewhat  excessive 
clearance  necessary  to  prevent  any  chance  of  the  blade  tips 
coming  into  contact  with  the  cylinder,  which  almost  inevitably 
caused  stripping,  was  reduced  to  a  minimum,  as  the  effect  of 
contact  was  negligible.  What  these  clearances  were  could  be  seen 
from  Fig.  9,  and  as  Mr  Craig  also  drew  attention  to  the  saving 
possible,  he  thought  the  following  figures  would  cast  some  light 
upon  the  subject.  Taking,  for  instance,  the  low-pressure  turbine,, 
shown  in  Fig.  16.  The  drum  was  93  inches  in  diameter,  and  the 
height  of  the  first  ten  rows  of  blades  If  of  an  inch.  From  Fig.  9 
it  would  be  seen  that  the  tip  clearance  amounted  to  about  -080 — 
ten-thousandths  of  an  inch  per  foot  of  diameter  was  a  good  rule 
— ^and  as  there  were  two  tips  to  a  pair,  the  effective  area  through 
the  blades  was  only  that  represented  in  Fig  22.  The  actual  clear 
area  through  a  row  of  normal  blades  was  only  one-third  of  the 
annular  area,  and  with  these  dimensions  would  amount  to 

94-375"  X  31416  x  1-215"       .on  •     u 

^ — =  120  square  mches  =  a. 

o 

The  clearance  area  was  94-375''  x  31416  x  0160"  =  47  square 
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inches  =  5,  and  the  ratio  of  b  to  a  was  39*2  per  cent.* 
Obviously,  with  a  shroud,  this  tip  leakage  could  be  almost  pre- 
vented— the  actual  clearances  being  only  about  one-eighth  of  those 
necessary  for  a  blade.     A  great  many  similar  points  cropped  up  in 
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the  design  of  blading.  In  the  dummy  packing,  for  instance,  a  clear- 
ance of  -055  of  an  inch  on  a  90-incli  labyrynth  diameter  meant  41 
clear  leakage  area  of  14*3  square  inches,  corresponding  to  a  4i^-inch 

•  Thia,  of  course,  was  only  over  the  first  stage— but  the  clearance  loss  in 
the  analytical  work-diagram  might  be  calculated  in  the  same  way.  Need- 
less to  say,  it  would  be  somewhat  less. 
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pipe.  Begarding  Mr  Izod's  remarks  on  friction,  he  did  not  feel 
able,  owing  to  lack  of  space,  at  present  to  give  the  actual  figures 
regarding  the  saving  obtainable  by  the  use  of  smooth  blades,  but 
anyone  who  cared  to  put  the  ordinary  brass  blade  under  a  micro- 
scope, and  compare  its  surface  with  that  of  a  copper  nickel  blade,, 
would  certainly  be  enlightened  as  to  the  possibilities  of  improve- 
ment in  blading  material.  Mr  Ward  stated  that  the  data  given  in 
Table  IV.,  referring  more  especially  to  the  vessels  built  by  Messrs- 
Denny,  was  only  approximate,  and  he  fully  realised  that,  the  more 
so  as  Mr  Parsons  himself,  in  separate  publications,  had  given 
different  dimensions  for  the  same  vessel.  If  any  objections  were 
made  to  this  table,  it  was  perfectly  open  to  the  builders  of  the 
vessels  to  supply  the  actual  figures,  but  the  table  was,  he  believed, 
substantially  cori'ect.  It  was,  however,  an  obviously  unintentional 
error  for  Mr  Ward  to  say  that  some  of  this  data  had  not  been 
published  either  by  his  firm  or  others,  in  proof  of  which  he  would 
refer  him  to  Mr  Parsons'  papers  to  the  Institution  of  Civil  Engineers 
and  to  the  Institution  of  Naval  Architects,  as  well  as  to  Mr  Gray's 
paper.  Some  of  it  had  likewise  been  taken  from  a  pamphlet 
entitled,  "Extracts  from  the  Dv/mbarton  Herald  regarding  Turbine 
Steamers,  built  at  Dumbarton  by  William  Denny  &  Bros.,"  and 
sent  to  him  by  that  firm.  This  tallied  with  Mr  Parsons'  own 
publications.  W^ith  regard  to  the  torsion  meter  shown,  he 
was  ver}'  grateful  to  Mr  Ward  for  adding  a  feature  of  such 
material  interest  at  the  present  time  to  the  discussion  on  the 
paper.  If  the  idea  of  shaft  horse-power  measurement  were  not 
entirely  new,  at  anyrate  the  ingenious  method  of  obtaining 
readings  was,  and  the  machine  had  the  merit  of  great  simplicity. 
Based  on  the  principle  that  even  the  strongest  shaft  would  assume 
a  twist  under  the  influence  of  torque,  and  that  the  arc  of  torsion 
would  be  proportional  thereto,  there  were  several  other  meters  of  the 
same  kind  available,  and  he  was  sorry  that  Mr  Ward  had  confined 
himself  to  a  description  of  the  instrument — which  hsbd  appeared 
in  Engineering  some  time  before — rather  than  giving  some  idea  of 
the  results  that  could  be  obtained  from  it  in  order  that  comparisons. 
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might  be  made  with  other  types.  Apparently,  with  this  meter,  it 
was  only  possible  to  obtain  occasional  readings  on  engines  of 
practically  constant  torque,  such  as  turbines  or  electric  motors, 
and  it  was  therefore  at  a  great  disadvantage  compared  wnth  such  a 
torsion  indicator  as  Dr.  Fottinger's,  of  the  Stettiner  Maschinenbau 
A.  G.  Vulcan,  from  which  continuous  diagrammatic  records  of  the 
effective  torque  of  any  marine  engine  could  be  obtained.  The  tor- 
sional vibrations  of  shafting  were  very  important — they  accounted 
for  many  fundamental  differences  between  ordinary  steam  engines 
and  marine  engines,  and,  incidentally,  vibration  had  frequently 
resulted  in  blade  stripping.  These  vibrations  were  due  to  the 
periodic  fluctuation  in  propeller  resistance,  and,  in  the  case  of 
ordinary  engines  especially,  of  the  varying  tangential  force  acting 
on  the  cranks.  The  latter  force,  due  to  the  steam  acting  on  the 
turbine  blades,  was  practically  constant,  and  did  not  affect  the 
readings  off  turbine  shafts  to  any  extent,  of  course,  but  the  vari- 
able nature  of  the  propeller  resistance  did  so  very  considerably,  by 
setting  up  torsional  oscillations,  the  action  of  which  affected  the 
effective  torque  and  also  the  propeller  thrust,  and  could  only  be 
determined  by  some  continuous  method  of  measm-ement.  This 
formed  the  essential  feature  of  Dr.  Fottinger's  method,  and 
naturally  necessitated  greater  complication  ;  but,  until  the  true 
effect  of  these  torsional  oscillations  was  known,  it  appeared  that 
the  great  potentialities  of  continuous,  and  therefore  more  accurate, 
measurement  more  than  justified  this  method.  It  might  be  re- 
marked, in  passing,  that  practically  all  the  published  data  on  this 
subject  was  of  German  origin,  for  in  Germany  the  question  of 
the  B.H.p.  of  ordinary  marine  engines  had  received  very  careful 
attention  during  the  last  eight  years.  In  the  case  of  the  "  Kaiser 
Wilhelm  II.,"  the  Vulcan  Company  had  obtained  an  efficiency  of 
•  94  per  cent,  on  service,  and  if  such  a  result  was  obtainable  with 
piston  engines  and  twin  screws,  it  was  not  surprising  that  the 
North  German  Lloyd  Co.,  whose  large  steamers  stood  so  high 
in  point  of  propulsive  efficiency,  should  have  adhered  to  this  type 
.  of  engine  instead  of  adopting  the  turbine.     The  subject  of  accurate 
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power  measurement  in  turbine  vessels  was  very  interesting,  but  it 
was  also  necessary  to  investigate  the  effective  power  in  ordinary 
vessels  as  well,  if  any  reasonable  comparisons  were  to  l:)e  made.  This 
had  been  done  most  exhaustively,  and  the  results  liberally  published 
by  Dr.  Fottinger,  whose  work  on  the  subject  was  unexcelled,  but 
as  far  as  turbine  vessels  were  concerned  "those  who  knew  the 
facts  (to  quote  Mr  Johnson)  and  appeared  most  directly  interested 
in  the  subject,  maintained  a  discreet  silence."  Power  measure- 
ment led  up  to  economy,  and  in  turbine  steamers  this  involved  the 
most  careful  consideration,  not  only  of  the  turbine  and  of  the  pro- 
peller, but  of  their  combined  efficiency,  for  unless  it  could  be 
«hown  that  this  was  at  least  practically  equal  to  that  of  ordinary 
engines,  to  adopt  turbines  might  be  a  very  doubtful  expedient. 
This  last  was  certainly  not  the  view  that  he  would  take,  but  ship- 
owners frequently  did,  and  in  view  of  the  attempted  suppression 
of  data,  especially  on  the  subject  of  design,  this  silence  was  signifi- 
cant. In  answer  to  Mr  Craig,  it  was  very  likely  that  pressures 
of  16  and  16  lbs.  per  square  inch  of  projected  area  had  been 
reached  in  turbine  work,  but  it  simply  involved  a  sacrifice  of 
propeller  efficiency  in  order  to  get  a  suitable  turbine,  and  the  same 
applied  to  the  higher  ratios  of  projected  to  disc  area.  With  blades 
of  circular  form  in  the  projected  view,  such  as  were  shown  in 
Fig.  3,  a  ratio  of  0*6  was  about  the  highest  obtainable,  but  if  the 
propeller  blades  were  broadened  at  the  tip  so  as  to  bring  this  ratio 
even  higher — and  the  necessity  for  this  was  already  apparent — it 
would  be  necessary  to  thicken  up  the  root  of  the  blades  consider- 
ably. It  had  been  proved  very  conclusively  in  the  United  States 
experimental  tank  what  sacrifice  of  screw  efficiency  was  involved 
by  this,  and  as  the  turbine  efficiency  would  remain  constant  to  a 
large  extent,  it  was  only  too  probable  that  increasing  the  area  ratio 
would,  as  Mr  Hamilton  remarked,  entail  a  further  drop  in  propeller 
efficiency  due  to  blade  interference.  In  fact,  as  Mr  Barnaby  pre- 
dicted soon  after  the  trials  of  the  '*  Daring,"  it  might  be  necessary 
in  future,  as  speeds  and  powers  increased,  to  put  up  with  reduced 
propulsive  efficiencies.  In  remarking  on  the  possibilities  of  action 
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turbines  in  marine  work,  Mr  Craig  had  opened  up  a  very  imporant- 
aspect  of  the  turbine  question.     Mr  Izod  had  not  given  analytical 
values  in  his  diagram  of  losses,  but  they  were  entirely  changed  by 
the  adoption  of  action  turbines  in  which  friction  was  the  chief 
loss  as  opposed  to  leakage  in  the  Parsons  type,  and  it  might 
eventually  be  shown  that  for  low-speed  work,  where  the  ratio  of 
blade  height  to  mean  diameter  was  very  small  in  this  machine, 
that  action   turbines  would  prove   more   successful.      It  might 
interest  the   Members  to  know  that  Herr  Zoelly,  from  whose 
electrical  turbines  the  Continental  syndicate  were  obtaining  such 
remarkably  good  results,  had  achieved  considerable  success  in  the 
application  of  his  type  of  turbine  to  a  13 -knot  tramp  steamer, 
built  by  Messrs  Howaldt,  of  Kiel.     This  installation,  made  by  the 
Escher  Wyss  Co.,  of  Zurich,  was  of  1,000  b.h.p.    With  two  turbines 
driving  twin  screws,  the  steam  consumption  was  only  14  lbs.  per 
H.P.,  a  result  that  was  materially  better  than  most  published  tests 
on  other  types,  excepting  the  case  of  H.M.S.  **  Amethyst."     Apart 
from  its  applicability  to  slow^-speed  work,  this  multiple-stage  action 
turbine  was  specially  suitable  for  marine  work,  as  it  allowed  of 
almost  any  superheat  being  used.      Temperatures,  in  fact,  like 
those  quoted  by  Mr  Kiekie  became  both  feasible  and  advantageous,, 
and  some  development  in  this  line  might  certainly  be  expected 
before  long.     Hitherto,  with  the  Parsons  marine  turbine,  depend- 
ing on  clearances  like  it  did — fine,  as  far  as  the  chance  of  stripping 
was  concerned ;  large,  as  compared  with  the  effective  opening — 
superheat  had  not  been  used,  but  with  the  action  turbine  much 
larger  clearances  were  possible  without  loss  of  efficiency.     Mr  C.  G. 
Curtis  had  placed  a  twin-screw  arrangement  of  his  own  type  of 
turbine  in  an  8,000  h.p.  16-knot  cargo  steamer  for  the  Southern 
Pacific  Co.,  and  in  a  scout  cruiser  for  the  U.S.  Government;  while 
the  A.  E.  G.  Co.,  of  Berlin,  his  German  licensees,  had  also  done  so 
in  the  "Kaiser,"  of  the .  Hamburg- American  Line,  from   which 
remarkably  good  results  had  been  obtained.     These  three  instal- 
lations all  consisted  of  separate  and  independent  turbines,  one  on 
each  shaft,  both  being  complete  in  themselves  and  both  reversible. 
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The  reduction  in  complication  by  the  nse  of  two  instead  of  three 
shafts  was  very  great,  and  the  superior  efficiency  of  twin  over 
triple  screws  would,  he  thought,  before  long,  cause  some  modifica- 
tion in  marine  turbine  practice.      This  agreed  with  Mr  Jack's 
criticism  of  turbine-driven  cargo  steamers — that  the  third  shaft 
was  very  much  in  the  way.     Mr  Jack  had  also  referred  to  the  gas 
turbine,  and  the  possibility  of  its  competing  with  the  gas  engine 
for  marine  work.     While  he  doubted  the  probabilities  of  this  for  a 
long  time  to  come,  he  (the  Author)  certainly  thought,  that  for  low- 
power  and  slow-speed  cargo  vessels,  that  the  gas  engine  would  be 
adopted  before  any  steam  turbine ;  history  would  probably  repeat 
itself  if  the  gas  turbine  ever  did  come,  but  the  enormous  practical 
difficulties  in  the  way  necessitated  for  the  solution  of  the  gas  tur- 
bine problems  a  stroke  of  far  greater  genius  than  was  ever  required 
for  steam  turbine  work.      In  answer  to  Mr  Eoyds,  the  volume 
for  actual  expansion  was  taken  with  70  per  cent,  efficiency  in  the 
case  given  in  Fig.  10;   this  diagram  was  inserted  to  show  the 
necessity  of  very  carefully  investigating  the  question  of  openings 
between  the  blades — in  other  words,  of  blade  heights,  as  standard 
sections  were  necessar}%  but  perhaps  it  would  have  been  more 
correct  to  say  volume  of  steam  per  lb.  of  mixture.     He  failed  to 
appriBciate  Mr  Eiddlesworth's  reasoning  when    he    stated   that 
elaborate  investigations  of  these  openings  were  unnecessary  in 
view  of   the  considerable   difference  in   volume  shown   by  the 
curves;    possibly  it  followed  from  his  hypercritical   anxiety  for 

the  use  of  8*022  instead  of  8  for  the  \/64-37.  His  friend,  Mr 
Macalpine,  had  asked  for  more  information  regarding  the  calcula- 
tion of  dimensions.  The  formula  quoted  (Blade  Velocity)*  x  No. 
of  Kows,  gave  a  rapid  and  easily  handled  approximation  of  the 
diameter  and  number  of  rows  when  the  revolutions  were  deter- 
mined. The  suitable  blade  speeds  were  given  in  Table  II.,  and 
the  value  of  the  constant,  or  rather  coefficient,  might  be  taken  as 
about  1,500,000  for  marine  work — say,  perhaps,  1,400,000  to 
1,600,000,  while  for  land  work  it  was  rather  higher,  being  about 
1,600,000  to  1,700,000.     The  blade  heights  were  simply  calculated 
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from  the  total  volume,  the  desired  steam  speed,  which  was  from 
two  to  three  times  the  blade  velocity,  and  ratio  of  exit  opening 
between  the  blades  to  the  annular  area.  He  entirely  disagreed 
with  him  about  the  imperfection  of  the  theory  of  design,  as  it  was 
much  simpler  than  that  of  a  reciprocating  engine,  but  a  good  design 
hfibd  got  to  be  worked  out  in  a  properly  scientific  manner.  The 
determination  of  dimensions  and  the  possibility  of  forecasting 
results  in  strict  conformity  with  the  designed  and  desired  effici- 
ency compared  with  the  Rankine  cycle,  could  be  done  with  great 
accuracy,  though  not  by  the  simple  method  of  accepting  some- 
one else's  empirical  rules.  He  certainly  maintained  that  the 
most  suitable  ratio  of  steam  speed  to  blade  speed  had  yet  to  be 
determined.  Equally  good — almost  record  results  in  fact — had 
been  obtained  wdth  wide  differences,  but  there  were  so  many 
variables  to  be  considered  that  it  was  hard  to  lay  down  definite 
rules ;  mechanical  possibilities  and  the  question  of  manufacturing 
costs  entered  into  consideration  so  much.  In  answer  to  Mr 
Neilson,  a  higher  vane  speed  was  "  necessary  " — possibly  "  advis- 
able "  was  a  better  word — at  the  l.p.  end  to  avoid  the  unwieldy 
and  unmechanical  blade  heights  that  would  be  necessary  if  there 
were  no  increase  of  speed.  The  volume  of  steam,  as  Mr  Neilson 
knew,  increased  very  rapidly  at  the  Ij.p.  end,  and  to  get  the  clear 
area  for  this  to  flow  through  could  be  done  in  various  ways,  but 
to  increase  the  diameter,  and  consequently  the  vane  speed,  and  the 
steam  speed  too,  was  one  of  the  simplest.  It  was  with  this  in  view, 
as  well  as  the  leakage  question,  on  which  he  fully  agreed  with  Mr 
Neilson,  that  he  had  stated  in  the  paper  that  the  blade  heights 
bore  a  certain  ratio  to  the  mean  diameter — about  3  to  15  per  cent. ; 
above  16  per  cent,  the  blades  were  apt  to  bend  at  the  root.  Mr 
Neilson,  and  also  Mr  Macalpine,  had  referred  to  the  propeller 
diameter  formula  which  he  had  given.  It  was  based  on  the 
cavitation  theory — or  rather  fact,  as  it  had  since  become  with  the 
high  speed  screws  now  used — the  first  step  being  to  obtain  the 
actual  effective  thrust  necessaiy,  for  which  resistance  data  from 
tank  trials,  including  the  wake  and  augmented  thrust  values,  was 
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of  such  assistance.  Failing  this,  Mr  Barnaby's  formula  for  effec- 
tive thrust  might  be  used.  Experience  showed  what  the  limit  of 
pressure  was  per  square  inch  of  projected  blade  area,  due  to  this 
effective  thrust,  for  various  classes  of  vessel,  and  consequently  the 
projected  blade  area  in  square  feet  became  (as  was  given  by  Mr 
Bamaby) : — 

Effective  thrust  in  lbs.  __    (  Projects  blade  area  in 

Pressure  per  square  inch  x  144        (  square  feet. 

His  (the  Author's)  formula  went  a  good  deal  further,  he  believed, 
because  by  inserting  values  of  the  pressure,  and  of  the  ratio  of 
projected  to  disc  area,  one  could  arrive  at  the  disc  area  for  the 
effective  thrust.  It  then  needed  little  or  no  extra  trouble  to  insert 
the  ratio  of  diameter  to  disc  area,  whence  by  means  of  a  diagram 
which  gave  the  coefficient  that  he  had  called  G,  the  propeller 
diameter  could  easily  be  found  for  a  given  pressure  and  area  ratio 
when  once  the  effective  thrust  was  known.  The  "Invicta," 
referred  to  during  the  discussion,  showed,  it  was  said,  a  consider- 
able improvement  over  the  **  Londonderry"  on  smaller  dimensions; 
her  propellers  were  rather  larger  in  diameter  and  probably  more 
ef&cient,  and  might  be  expected  to  have  a  '*  C  "  value  of,  say,  27*6, 
compared  with  the  **  Londonderry's"  30*5.  The  diagram  was  only 
drawn  out  up  to  a  '6  ratio  of  areas,  but  anyone  who  cared  to  pursue 
the  subject  could  easily  extend  it.  With  reference  to  the  points 
brought  up  by  Prof.  Jamieson  and  Mr  Goudie  as  to  the  modulus  of 
rigidity,  it  might  be  of  interest  to  record  the  fact  that  this  figure 
— 5,260  tons  per  square  inch — had  been  corroborated  by  experi- 
ments on  an  assortment  of  steel  shafts  made  by  various  companies, 
which  were  carried  out  at  the  Eoyal  Mechanical  Testing  Station 
at  Charlottenburg,  for  Messrs  Blohm  k  Yoss,  a  few  years  ago, 
when  Mr  Frahm  was  commencing  his  experiments  on  the  torsional 
stresses  in  shafting.  This  figure,  again,  was  practically  identical  with 
that  found  from  actual  experiments  made  last  year  on  the  6^-inch 
shafting  of  the  turbine  cruiser,  *'  Lubeck,"  of  the  Imperial  German 
Navy ;  in  this  case,  the  average  of  the  four  shafts  calibrated,  showed 
a   shear   modulus   of    11,774,160  lbs.   per  square  inch,   making 
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k  =  140*09.  Mr  Johnson  had  referred  to  the  advantages 
claimed  for  the  turbine.  As  far  as  reduction  of  space  was  con- 
cerned, those  who  claimed  this  seldom  or  never  added  that 
occupied  by  at  least  one  extra  shaft  tunnel,  but  in  most  cases  some 
overhead  space  had  been  saved.  As  to  absence  of  vibration  from 
main  engines,  this  had  certainly  been  proved  in  a  great  many 
vessels,  but  propeller  vibration  still  remained,  and  he  agreed  with 
him  that  too  much  was  made  of  this  claim.  For  instance,  in  the 
"Carmania,"  the  vibration — ^slight  as  it  was — ^was  noticeable  just 
where  it  was  not  wanted,  viz.,  in  the  berths.  It  was  almost  impos- 
sible to  say,  by  placing  one's  hand  on  the  turbine  cyclinders, 
whether  the  rotor  was  revolving  or  not,  but  no  excellence  of  the 
turbine  'could  overcome  the  vibration  due  to  a  very  rapidly 
revolving  centre  propeller  passing  the  stern  post,  or  to  the 
inevitable  fluctuation  of  propeller  resistance.  As  far  as  the 
^'Carmania'*  was  concerned,  he  could  assure  Mr  Johnson  that 
while  the  vibration  was  enormously  reduced,  compared  with  the 
"  Lucania "  or  the  "  Deutschland,"  it  represented  no  improve- 
ment whatever  on  the  "Baltic"  or  the  "America,"  in  his  opinion. 
What  a  passenger  cared  about  was  personal  comfort  rather  than 
pallograph  records  ;  he  did  not  feel  the  vibration  if  he  were  walk- 
ing on  deck,  and  if  well  enough  to  spend  his  time  in  the  smoking 
room,  he  did  not  care  much  if  he  did  feel  it ;  but  where  it  was 
desirable  to  reduce  it  was  in  the  rooms,  and  this  was  just  where  it 
was  most  noticeable  in  the  **  Carmania."  While  he  certainly  pre- 
ferred the  slower  and  scarcely  noticeable  throb  of  the  "  Baltic's  " 
engines,  compared  with  the  rapid  and  intermittent  tremour  due  to 
the  "Carmania's"  screws,  it  was  only  fair  to  say  that  the  testi- 
mony of  lady  passengers  who  had  used  both  vessels  was  that  they 
noticed  considerably  less  vibration  in  the  **  Carmania  "  than  in  the 
*'  Caronia."  A  good  deal  depended  on  how  the  ship  was  built 
Again,  where  weight  was  concerned,  the  saving  was  important  in 
warships  and  channel  steamers,  where  considerable  reductions 
had  been  obtained;  but  in  vessels  like  the  "  Carmania,"  in  which, 
on  a  rough  day,  half-way  out,  five  or  six  hundred  tons  of  water 
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ballast  might  be  let  in :  What  advantage  was  there  in  saving  a  few 
pounds  per  horse  power  on  the  main  engines  only,  unless  the 
auxiliaries  and  the  boilers  were  effected  as  well  as  the  adoption 
of  turbines  ?  Saving  in  weight  in  Atlantic  steamers  was  of  com- 
paratively small  moment.  Regarding  the  shape  of  the  standard 
blade  section,  the  general  exit  angles  were  from  20  to  25  degrees, 
but  they  varied  somewhat  with  the  width  of  the  blade  and  the 
shape  of  the  section.  At  the  low-pressure  end  the  exit  angle 
was  increased  to  allow  a  greater  opening  in  proportion  to 
the  annular  area.  There  were  an  enormous  number  of  stan- 
dard sections  in  use  by  various  firms;  and  just  at  present 
there  was  a  tendency  to  alter  the  shape  somewhat  in  order  to 
obtain  greater  strength  at  the  root  to  resist  bending.  He  might 
be  permitted  to  refer  to  the  **  Carmania,"  in  which  he  had  crossed 
to  New  York  on  the  maiden  trip,  returning  in  her  on  her  third 
voyage.  Almost  exceptionally  rough  weather  prevailed  on  the 
first  two  complete  trips,  but  it  was  remarkably  calm  on  the  third. 
The  universal  testimony  of  every  engineer  who  had  visited  the 
turbine  room,  either  en  route  or  at  either  end,  was  to  the  magni- 
ficent success  which  had  attended  the  skill  and  thoroughness 
which  the  staff  of  Messrs  John  Brown  &  Co.  had  lavished  on  the 
vessel  and  her  machinery.  The  engine  room  was  spacious  and 
cool,  in  spite  of  a  large  overhead  saving  of  space  that  had  been 
devoted  to  second-class  accommodation,  while  every  detail  showed 
with  what  thoroughness  and  care  the  design  had  been  investi- 
gated and  carried  out.  It  was  not  surprising  that  the  vessel,  as 
Mr  Ward  said,  should  have  fulfilled  the  highest  expectations  of  all 
connected  with  her  in  every  way.  He  gave  a  summary  of  the  speeds 
for  the  successive  voyages  on  the  following  page.  In  spite  of  very 
heavy  weather,  tne  average  of  the  longest  distance  run  in  one  day 
worked  out  at  18-16  knots.  One  very  noticeable  feature  was 
the  absence  of  racing  in  rough  weather,  compared  with  that  notice- 
able with  ordinary  propellers ;  though  the  revolutions  rose  slightly 
as  the  screws  approached  the  surface,  the  effect  was  not  felt  on 
deck  at  all.    In  conclusion,  he  wished  to  again  thank  the  Members 
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for  the  way  in  which  they  had  received  the  paper.  The  snbject 
of  steam  turbines  was  one  of  engrossing  interest  at  the  present 
lime,  and  it  was  therefore  a  source  of  much  pleasure  to  himself  to 
have  been  able  to  submit  a  paper  on  the  subject  to  the  Institution 
of  Engineers  and  Shipbuilders  in  Scotland,  of  which  so  many  of 
the  leading  Members  had  contributed  to  the  present  status  and 
success  of  the  marine  steam  turbine. 

The  President  said  that  every  Member  was  deeply  indebted  to 
Mr  Speakman  for  bringing  this  most  interesting  subject  before  the 
Institution.  He  was  curious  to  know  as  much  as  possible  about 
turbines,  and  he  had  learned  a  great  deal  from  Mr  Speakman's 
paper.  He  proposed  that  the  Institution  should  award  Mr  Speak- 
man a  hearty  vote  of  thanks  for  his  paper. 

The  vote  of  thanks  was  heartily  accorded. 


THE   EVOLUTION   AND  PEOSPECTS  OF  THE  ELASTIC 
FLUID  TUEBINE. 

By  Mr  B.  M.  Neilson  (Manchester). 


SEE    PLATES    VI.,    VII.,    VIII.,    AND   IX. 


Bead  19th  December,  1905, 


The  efficiency  of  laxge  steam  turbines  built  for  driving  electric 
generators  has  been  brought  so  high  during  the  last  few  years  that 
there  is  little  chance  of  the  present  records  for  low  steam  con- 
sumption being  lowered  in  the  near  future  to  any  great  extent. 

The  elastic  fluid  turbine  is,  however,  in  the  Author's  opinion,  by 
no  means  so  perfect  or  so  adaptable  as  it  may  reasonably  be 
hoped  that  it  will  be  in  the  near  future. 

With  regard  to  the  propulsion  of  ships  by  steam  tur- 
bines, wonderful  progress  has  been  made  during  the  last  ten 
years,  but  there  is  still  room  for  improvement  in  the  steam 
turbine  screw  propeller  combination,  especially  with  respect  to 
vessels  which  have  to  steam  at  widely  varying  speeds  and  with 
respect  to  small  slow  vessels.  There  is  also  room  for  improve- 
ment as  regards  reversing. 

For  many  purposes  the  speeds  of  rotation,  which  it  has  been 
found  necessary  to  give  to  steam  turbines,  especially  those  of 
small  power,  has  been  a  serious  objection  to  their  use. 

Moreover,  the  serious  falling  ofif  in  the  efficiency  of  turbines 
when  run  with  a  poor  vacuum,  and  the  still  greater  drop  in  their 
efficiency  when  run  non-condensing  has  in  many  cases  prevented 
their  adoption. 

Steam  although  a  convenient,  is  not  the  only  possible  elastic 
fluid  for  a  turbine ;  and  the  much  greater  ranges  of  temperature 
with  the  same  range  of  pressure  obtainable  by  the  employment  of 


THE  ELASTIC  FLUID  TURBINE  b9 

other  fluids  instead  of  or  in  conjunction  with  steam  deserve  serious 
•consideration. 

It  is  neither  desirable  nor  likely  that  engineers  will  rest  content 
with  the  success  already  attained,  but  will  strive,  by  improved 
constructions  of  turbines  and  cycles  of  working,  to  allow  a  still 
.greater  percentage  of  the  heat  units  obtainable  from  burning  coal 
or  other  suitable  fuel  to  be  converted  into  useful  work,  and  will 
further  strive  to  adopt  the  elastic  fluid  turbine  to  work  effectively 
under  conditions  at  present  unfavourable  to  it. 

An  immense  amount  of  time,  money,  ingenuity  and  patient 
work  have  been  expended  on  matters  relating  to  elastic  fluid 
turbines;  and  quite  a  large  proportion  has  been  spent  on  in- 
ventions intended  to  be  of  a  revolutionary  nature.  Much  of  the 
time  would  have  been  saved  or  expended  more  usefully  had  there 
been  a  greater  knowledge  (1)  of  what  had  already  been  tried  by 
others,  and  (2)  of  the  most  hopeful  lines  on  which  to  work  and  the 
utmost  possibilities  obtainable  from  certain  treatments  of  the  fluid 
and  certain  working  cycles. 

It  is  of  course  impossible  to  give  in  this  paper  anything  like  a 
full  account  of  what  has  already  been  done  with  elastic  fluid 
turbines ;  but  it  was  thought  that  a  brief  historical  sketch  would 
be  both  interesting  and  instructive.  This  is  consequently  pre- 
sented; and  following  it  are  some  notes  and  suggestions  on 
possible  lines  of  progress  and  difficulties  to  be  overcome,  which  it 
is  hoped  will  be  of  some  use  or  will,  at  least,  induce  a  good 
■discussion. 

It  will  never  be  known  for  certain  when  an  elastic  fluid  was  first 
employed  to  rotate  a  machine  deserving  the  name  of  a  turbine. 
Hero,  the  Egyptian  philosopher,  is  usually  honoured  by  having 
his  name  placed  first  in  the  history  of  the  steam  turbine.  The 
nature  of  his  rotating  steam  globe  is  well  known,  but  it  is  not 
<;ertain  that  he  was  the  first  to  use  it  or  even  that  he  did  any 
research  work  at  all  in  the  matter.  The  point  is,  however,  of  little 
•consequence. 

Windmills  (which  come  under  the  heading  of  turbines  when  the 


90  THE  EVOLUTION  AND  PROSPECTS  OF 

latter  word  is  used  in  its  broad  sense)  were  probably  nsed  in  ver}^ 
early  times,  but  with  these  the  present  paper  will  not  deal. 

As  regards  turbines  actuated  by  elastic  fluids  other  than  air^ 
there  were  undoubtedly  attempts  made  to  usefully  employ  such  in 
the  seventeenth,  if  not  in  the  sixteenth,  century.  Branca,  an  Italian 
architect  in  1629,  described  an  engine  in  which  a  jet  of  steam  waa 
projected  against  vanes  carried  on  the  periphery  of  a  horizontal 
wheel,  which  was  consequently  caused  to  rotate  and  to  do  useful 
work  in  pounding  drugs.  An  engine  of  substantially  the  same 
nature  was  used  by  a  Jesuit  named  Kircher  in  1642. 

In  1694,  a  model  motor  car  is  said  to  have  been  exhibited  to  the 
Emperor  Gang  Hi  of  China  by  Grimaldi  and  Periera.  Grimaiidi 
was  a  Jesuit  who  had  great  mechanical  ability.  The  car  in  question 
is  said  to  have  carried  a  brazen  vessel  containing  a  coal  Are.  This 
generated  steam  from  water  contained  in  a  vessel  situated  over  the 
fire.  The  steam  was  directed  on  to  vanes  arranged  like  those  of  a 
windmill,  and  the  shaft  carrying  the  vanes  actuated  the  driving 
axle  of  the  car. 

In  1784  a  patent  was  granted  to  Wolfgang  de  Eempelen  for 
obtaining  and  transmitting  motive  power.  Fig.  1  shows  the 
turbine  proposed  by  Eempelen.  A  is  the  boiler  provided  vnth  a 
safety  valve  B.  G  is  a  turncock  controlling  the  admission  of  steam 
to  the  pipe  E,  which  conducts  it  to  the  cylinder  D,  which,  in  turn,  is 
secured  to  a  vertical  tube  situated  within  and  concentric  with  the 
pipe  E.  This  cylinder  D  has  a  small  hole  at  each  end,  the  holes  fac- 
ing opposite  directions.  One  hole  can  be  seen  in  the  drawing.  The 
escape  of  steam  from  these  holes  causes  the  cylinder  to  rotate 
about  the  axis  of  the  tube  E.  The  inventor  states  that ''  having 
accomplished  this  first  moving  power  which  constitutes  the 
principle  of  the  machine,  any  kind  of  machine  or  engine  may  very 
easily  be  put  into  motion  by  it  by  means  of  a  handle,  crown-wheel 
pinion,  or  other  connection  adapted  to  it,  as  is  done  vnth  respect 
to  a  double  pump  by  the  eccentric  trunion  E."* 

*  Speoifioation  of  British  Patent  No.  1426,  of  1784.  The  drawing  is 
reprodaoed  from  '^The  Steam  Turbine,"  by  R.  M.  Neilson,  by  kind 
permiflsion  of  the  Pablisherp,  Memnn,  Longmans  &  Co. 
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About  the  same  time  James  Watt  patented  a  turbine  in  which 
steam  was  employed  to  force  water  out  of  a  vessel  adapted  to 
rotate  about  a  vertical  axis.  The  vessel  had  two  chambers,  and 
the  steam  was  admitted  alternately  to  these,  the  steam  exhausting 
from  one  chamber  while  it  was  entering  the  other.  The  escape  of 
the  water  from  the  chambers,  under  the  action  of  the  steam, 
rotated  the  vessel.'"  About  the  time  that  Watt  received  his  letters 
patent  for  this  invention,  he  commenced  to  get  on  well  with  his 
reciprocating  engine,  which  hitherto  had  caused  him  much  dis- 
appointment by  the  slow  progress  he  was  able  to  make  with  it. 
The  turbine  idea  seems,  therefore,  to  have  been  dropped  soon  after 
its  conception,  t 

In  1823  Samuel  Brown,  whose  name  is  famous  in  the  history  of 
the  gas  engine,  suggested  that  gas  should  be  burned  in  a  chamber 
so  as  to  heat  the  air  contained  therein  and  drive  out  some  of  it, 
and  then  that  the  partial  vacuum  produced  by  the  cooling  of  the 
air  in  the  chamber  should  draw  up  water  which  could  afterwards 
be  discharged  into  the  buckets  of  an  overshot  water-wheel.  The 
water-wheel  could  be  used  to  drive  machinery. 

In  1837  Sir  James  Caleb  Anderson,  Bart.,  proposed  to  convey 
the  steam  exhausting  from  the  cylinder  of  a  reciprocating  engine 
to  a  rotary  engine  of  the  Hero  type,  which  rotated  in  a  chamber 
connected  to  a  condenser.  The  turbine  spindle  drove  on  to  the 
crank  shaft  which  was  connected  to  the  reciprocating  piston.  | 

In  the  same  year  John  Hardman  and  William  Oilman  §  both 
proposed  to  convey  steam  to  nozzles  mounted  on  a  rotating  wheel 
and  cause  this  steam  escaping  from  the  nozzles  to  act  so  as  to 
rotate  another  wheel  in  the  opposite  direction.     Both  inventors 

*  For  a  fuller  desoription,  see  Speoifioation  of  Britkh  Patent  No.  1432,  of 
1784,  or  *'The  Steam  Turbine,"  by  R.  M.  Neilson,  Longmanfi  &  Go. 
Third  Edition,  p.  10. 

t  This  turbine  of  Watt's  must  not  be  confounded  with  his  rotary  piston 
engine,  which  was  cc^nceived  at  an  earlier  date. 

t  British  Patent  7407,  of  1837. 

S  British  Patents  7308  and  7417,  of  1837. 
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proposed  to  connect  the  two  wheels  together  by  gearing,  Gilman 
by  bevel  wheels,  and  Hardman  by  an  internally  toothed  wheel, 
and  an  externally  toothed  wheel  connected  by  a  pinion. 

Gilman  also  proposed  to  expand  the  steam  in  stages  and  employ 
several  turbine  wheels  in  series,  each  in  a  separate  chamber,  a 
scheme  which  has  been  successfully  developed  in  recent  years  by 
many  turbine  engineers,  notable  M.  Rateau  in  his  multi-cellular 
turbine.  Fig.  2  shows  Oilman's  multi-stage  turbine.  The  steam 
enters  each  wheel  at  the  centre  and  quits  it  at  the  circumference. 

In  1838  Matthew  Heath  described  an  engine  of  the  Hero  type 
with  diverging  nozzles.  *  The  reason  he  gave  for  employing 
diverging  nozzles  was  that  the  **  power  of  movement"  to  be 
obtained  by  *'  expanding  the  steam"  (as  he  said)  might  not  be 
lost.  The  invention  was  not  that  of  Heath  himself  but  of  "a 
certain  foreigner  residing  abroad."  Heath  may  have  known  that 
better  results  could  be  obtained  by  using  diverging  nozzles ;  but 
it  is  to  be  inferred  that  he  did  not  fully  understand  their  effect. 
It  is  interesting,  however,  to  find  at  this  date  a  description  of  a 
diverging  nozzle  although  it  was  not  called  by  that  name.  The 
Author  has  come  across  no  previous  record  of  diverging  nozzles 
having  been  proposed  for  an  elastic  fluid  turbine. 

Heath  proposed  to  furnish  the  stuffing  boxes  of  his  turbine 
spindle  with  <<  pounded  amianthus  instead  of  common  hemp 
which  would  catch  Are  from  the  rapidity  of  the  rotary  movement 
in  spite  of  oil  cisterns." 

Heath  also  proposed  to  blow  steam  into  a  furnace  and  to  con- 
vey away  the  mixture  of  steam  and  products  of  combustion  for 
use  in  an  engine.  He  did  not,  however,  mention  in  the  specifica- 
tion of  his  patent  if  he  intended  to  use  this  mixture  in  the  Hero 
type  of  engine. 

About  1840,  James  Pilbrow  of  Tottenham,  Middlesex,  seems  to 
have  devoted  considerable  time  to  the  steam  turbine  idea.  Pilbrow 
made  experiments  with  steam  jets  and  made  calculations  from  the 
results  of  these  experiments.     His  data  and  his  treatment  of  the 

*Briti8h  Patent  7554,  of  18^. 
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subject  were  not  such  as  to  give  him  accurate  results  as  to  the 
velocity  of  steam  jets ;  but  he  found  out  at  any  rate  that,  with  a 
large  drop  of  pressure,  a  very  high  velocity  could  be  obtained,  and 
that  with  a  single  wheel  very  high  vane  speeds  were  consequently 
called  for. 

In  order  to  work  economically  with  a  lower  vane  speed,  Pilbrow 
proposed  to  arrange  two  or  more  wheels  in  series.  Figs.  3  and  4 
show  an  arrangement  of  two  wheels  in  series  proposed  by  Pilbrow. 
The  vanes  are  arranged  on  the  peripheries  of  the  wheels,  and 
overlap  each  other.  Fig.  5  shows  the  vanes  of  two  such  wheels  in 
section,  the  steam  nozzle  also  being  shown.  Pilbrow  seems  to 
have  tackled  the  steam  turbine  problem  in  a  fairly  scientific 
manner.  It  is  doubtful,  however,  if  he  understood  the  necessity 
of  expanding  the  steam  in  a  divergent  nozzle  in  order  to  obtain 
the  best  results  with  single  stage  expansion.  The  balance  of 
probability  is  that  Pilbrow  did  not  have  this  knowledge,  and 
without  it  his  turbines  could  never  be  a  success. 

Bobert  Wilson,  of  Greenock,  was  granted  letters  patent  in  1848  * 
for  improvements  relating  to  rotatory  engines.  His  specification 
describes  several  designs  of  steam  turbine  in  which  the  steam 
passes  in  series  through  several  sets  of  moving  buckets.  Fig.  6 
shows  Wilson's  design  for  an  outward  flow  steam  turbine.  The 
steam  is  intended  to  pass  from  the  centre  outwards  through  the 
six  sets  of  buckets,  of  which  the  second,  fourth,  and  sixth  are 
carried  by  a  disc  keyed  on  a  shaft  which  rotates  in  a  clock-wise 
direction,  while  the  first,  third,  and  fifth  are  attached  to  a  disc 
which  is  either  stationary  or  rotates  in  a  counter-clock-wise 
direction.  Wilson  intended  his  turbines  to  be  powerful  machines. 
One  of  them  is  shown  in  his  specification  drawings  as  being  over 
9  feet  in  diameter. 

In  1850,  William  Francis  Femihough,  of  London,  proposed  to 
mix  the  products  of  combustion  from  a  furnace  with  steam  or 
water  spray,  and  to  use  the  mixture  to  propel  a  turbine,  t  Fig.  7 
shows  an  apparatus  proposed  by  Fernihough,     A  is  a  furnace 

•  British  Patent  No.  12026,  of  1848. 
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chamber  made  of  plate  iron  lined  with  fire  clay  and  provided  with 
lire  bars  B,  on  which  fuel  is  burnt.  Combustion  takes  place  under 
pressure,  air  being  forced  by  a  blower  through  the  pipe  E.  Water 
is  forced  in  the  form  of  a  spray  from  the  nozzle  or  rose  H,  and, 
falling  upon  the  fire  clay  bars  G,  kept  hot  by  the  combustion  of 
the  fuel,  is  vapourised  The  combined  steam  and  products  of 
combustion,  mixed  with  small  particles  of  unconsumed  fuel,  pass 
through  the  nozzle  I  into  the  chamber  E,  and  act  to  rotate  the 
vanes  L  L,  which  are  formed  integrally  with  the  spindle  M.  The 
rotation  of  the  spindle  M  can,  by  means  of  a  belt  or  belts  P,  be 
made  to  drive  machinery. 

An  engine  of  the  Hero  type  is  said  to  have  been  employed  at  the 
printing  establishment  of  Messrs  Chambers,  of  Edinburgh,  previous 
to  1852.*  The  Author  has  not,  however,  been  able  to  get  any 
particulars  of  this  engine. 

A  wheel  11^  feet  in  diameter,  provided  with  vanes  on  its  cir- 
cumference and  driven  by  steam  jets  at  500  revolutions  per  minute, 
is  said  to  have  been  tried  at  the  Surrey  Docks  prior  to  1852.  It 
fell  into  disuse,  however,  owing  to  its  steam  consumption  being 
greater  for  an  equal  duty  than  that  of  a  piston  engine.!  The 
Author  has  been  unable  to  get  any  particulars  of  this  engine, 
although  Mr  J.  S.  Gaskell  very  kindly  put  himself  to  considerable 
trouble  to  try  to  get  information  about  it. 

In  1853,  the  French  mining  engineer,  Tournaire,  pointed  out 
very  clearly  some  of  the  requisites  of  a  successful  steam  turbine. 
He  proposed  to  expand  the  steam  in  stages  to  avoid  excessive 
velocity,  and  to  employ  helicoidal  gearing  in  connection  with 
turbine  shafts  rotating  at  high  speeds. 

In  Bourne's  Treatise  on  the  Steam  Engine,  fifth  edition,  1861, 
occurs  the  following  passage : — I 

*  Britieh  Patent  No.  13281,  of  18.50. 

t  *•  Steam  and  Locomotion,"  by  John  Sewell,  pubJislied  by  John  Weale, 
London,  in  1862,  pp.  224  and  237. 

J  A  Treatise  on  the  Steam  Enpine  by  John  Bonme,  Published  by 
Longmans,  Fifth  edition,  1861,  page  .397. 
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"  Steam  of  a  high  temperature  will,  therefore,  be  more 
economical  in  its  use  than  steam  of  a  lower  temperature,  and 
surcharged  steam  being  much  hotter  than  common  steam  is 
consequently  more  advantageous.  After  all,  however,  the  tem- 
peratures which  it  is  possible  to  use  with  any  kind  of  steam  in 
an  engine,  are  too  low  to  render  any  very  important  measure  of 
economy  possible  by  their  instrumentality.  We  are,  therefore, 
driven  to  consider  the  applicability  of  other  agents,  the  most 
suitable  of  which  appears  to  be  the  air,  and  this  brings  us  back  to 
the  point  from  whence  we  started  at  the  commencement  of  the 
present  chapter.  Small  measures  of  improvement  are  worth 
very  little  consideration  when  great  and  important  steps  of 
progress  are  apparently  within  our  reach,  and  to  us  it  appears 
quite  clear  that  the  products  of  combustion  may  be  employed  to 
produce  motive  power,  not  through  the  instrumentahty  of  a 
cylinder  and  piston,  but  rather  by  means  of  a  turbine  or  an 
instrument  like  a  smoke  jack  or  Barker's  mill  and  which  may  be 
made  to  work  in  water  or  some  other  liquid.  In  this  way  high 
temperatures  may  be  dealt  with,  and  it  is  only  by  employing  very 
high  temperatures  that  any  great  step  of  improvement  is  to  be 
attained." 

The  specification  of  a  patent  granted  to  M.  P.  W.  Boulton  in 
1864*  contains  some  interesting  suggestions  regarding  turbines 
actuated  by  hot  gases.  The  patentee  seems  to  have  appreciated 
that  a  difficulty  in  driving  a  turbine  wheel  by  products  of  com- 
bustion lay  in  the  high  velocity  that  would  have  to  be  given  to  the 
wheel  to  obtain  a  good  efficiency.  He  proposes  three  methods  of 
overcoming  this  difficulty : — 

(1)  To  cause  a  high  velocity  gas  jet  by  an  injector  action  to  suck 
in  a  supply  of  air,  thus  obtaining  a  large  body  of  fluid  at  a  low 
velocity  instead  of  a  small  body  at  a  high  velocity, 

(2)  To  employ  several  turbine  wheels  arranged  in  series,  each 
one  utilising  a  portion  of  the  velocity  of  the  gas  jet. 

•  British  Patent  No.  1636,  of  1864. 
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(3)  To  employ  the  hot  gases  to  exert  pressure  on  a  liquid,  and 
so  foroe  the  liquid  to  drive  a  hydraulic  turbine. 

Fig.  8  is  a  reproduction  of  the  patentee's  drawing  illustrating 
the  first  method.  The  nozzle  A  is  supplied  with  hot  gases 
travelling  at  a  high  velocity,  and  induces  a  current  of  air  in  the 
tube  B;  and  the  combined  gases  induce  a  further  current  of  air  in 
the  tube  C,  The  whole  of  the  fluid,  travelling  at  a  moderate 
velocity,  then  acts  on  the  turbine  D. 

The  second  method  is  not  illustrated.  Fig.  9  illustrates  the 
third  method.  The  gaseous  products  of  combustion  (or  other  gas 
or  gases)  are  forced  through  the  passage  H  into  the  chamber  A, 
and  drive  liquid  (at  present  in  the  chamber  A)  through  the  valve- 
B  into  the  passage  G,  which  leads  to  the  turbine.  The  liquid 
leaving  the  turbine  passes  into  the  tank  F.  When  sufficient  gas 
has  been  admitted  to  the  chamber  A,  the  supply  is  cut  off  by 
a  valve  and  the  gas  allowed  to  expand.  When  a  sufficient  quantity 
of  liquid  has  been  forced  out  of  tbe  chamber  A,  a  valve  in  the 
passage  E  is  opened,  the  pressure  in  the  chamber  A  falls,  and 
liquid  enters  by  the  valve  L  and  displaces  the  gas.  The  cycle  of 
operations  is  then  repeated.  It  is  stated  that  the  valves  may  be 
operated  by  the  motion  of  the  liquid,  and  that  two  or  more  vessels 
A  may  be  employed,  so  as  to  give  a  more  constant  supply  of  liquid 
to  the  turbine.     D  is  an  air  vessel  arranged  on  the  passage  C. 

Boulton  proposed  to  mix  steam  or  water  with  the  products  of 
combustion  in  order  to  reduce  the  temperature  of  these.  Fig.  10 
shows  an  apparatus  proposed  by  him  for  utilising  some  of  the  heat 
of  combustion  of  a  gas  for  generating  steam  and  obtaining  a 
mixture  of  steam  and  products  of  combustion.  An  inflammable 
gas  is  burned  in  the  chamber  A,  which  is  enclosed  in  the  chamber 
B  containing  water.  The  products  of  combustion  proceed  down 
the  passages  C  G  and  enter  the  water.  The  gas,  in  passing 
through  fine  holes  in  the  plates  or  gauze  D,  gets  broken  up,  and 
rises  in  **  fine  streams  "  through  the  water,  thus  heating  the  water 
and  generating  steam.  Heat  for  generating  steam  is  also  pre- 
sumably obtained  from  the  sides  of  the  passages  G  G.  The  baffle 
plates  E  E  are  provided  to  cause  the  gas  to  take  a  zig-zag  course* 
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The  specification  of  a  patent  granted  to  John  Morrison  Hunter, 
of  Morristown,  N.J.,  U.S.A.,  in  1868,*  contains  a  description  of  a 
flying  machine  proposed  to  be  propelled  through  the  air  by  means 
of  propellers  actuated  by  gas  jets,  Pilbrow  had  previously  pro- 
posed to  rotate  a  propeller  by  steam  jets.  Hunter  proposed  to 
employ  gaseous  products  of  combustion,  the  fuel  employed  being 
preferably  American  natural  oil.  Fig,  11  is  a  section  of  Hunter's 
proposed  vapouriser,  and  Fig,  12  is  an  end  view.  The  oil  is 
poured  into  the  funnel  M  and  admitted  to  the  vapourising  tubes  L 
through  two  valves  arranged  in  series,  one  only  being  opened  at  a 
time.  A  section  of  a  tube  is  shown  in  Fig.  13.  The  oil  is  first 
passed  along  the  crescent-shaped  upper  part,  and  then  back  by  the 
larger  section.  Products  of  combustion  from  a  furnace  passes 
through  between  the  tubes  and  heats  them. 

Fig.  14  shows  the  preferred  form  of  nozzle.  One  of  these 
nozzles  is  arranged  on  each  propeller  blade.  The  vapour  is 
led  to  the  chamber  A  by  the  tube  B,  and  then  passes  through  the 
holes  G  C,  and  escapes  between  the  inner  surface  of  the  cone  D 
and  the  outer  surface  of  the  cap  E,  which  can  be  adjusted  to 
regulate  the  supply  of  vapour.  Air  is  caught  in  the  cone  F  by 
the  backward  rotation  of  the  nozzle,  and  mixes  with  the  vapour  at 
the  exit  of  the  nozzle.  Ignition  at  the  moment  of  exit  was 
proposed  to  be  accomplished  by  an  electric  spark  or  by  means  of 
spongy  platinum.  The  products  of  combustion  from  the  furnace 
are  led  to  each  nozzle  by  the  annular  passage  6  and  pipe  H.  An 
.nduced  draught  from  the  fire  is  thus  obtained. 

In  1869-70,  John  Bourne  proposed!  to  produce  carbon  monoxide 
by  the  incomplete  combustion  of  coal  dust  with  air,  and  to  after- 
wards complete  the  combustion  by  additional  air  and  inject  steam 
or  water  into  the  resultant  hot  gases,  which  could  then,  he  stated, 
be  employed  to  drive  a  turbine.  The  actuating  fluid  could,  if 
desired,  be  diluted  by  mixture  with  additional  air  before  use  in  the 

♦  British  Patent  No.  2680,  of  1868. 

+  British  Patents  Nos.  3705,  of  1869,  and  1869,  of  1870. 
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turbine.  The  apparatus  for  producing  the  motor  power  fluid  is 
explained  at  great  length  in  the  specifications  of  Bourne's  patents, 
and  many  forms  of  apparatus  are  described  and  illustrated. 
There  is  no  drawing  or  description  of  a  turbine.  Bourne  intended 
to  employ  very  high  pressures.  He  states,  for  example,  in  one 
place  that  he  prefers  the  pressure  of  the  water  injected  among* 
the  hot  products  of  combustion  to  be  about  1,000  lbs.  per 
square  inch. 

Mr  Parsons,  in  a  paper  recently  read  before  the  Institution  of 
Civil  Engineers,  mentions  the  use  of  steam  turbines  "  in  the  sixties 
and  seventies  "  to  drive  the  assisted  draught  fans  on  some  of  the 
Holyhead-Kingstown  mail  steamers. 

James  Anderson,  in  a  provisional  specification  with  an 
application  for  a  patent  in  1871,*  makes  suggestions  regarding  gas 
turbines,  although  no  details  of  construction  are  given.  Anderson 
states  that  the  object  of  his  invention  is  to  secure  increased 
economy  and  advantage  in  producing  currents,  or  otherwise 
developing  motive  power  by  means  of  heat,  and  that  the  invention 
'Consists  mainly  in  igniting  a  mixture  of  combustible  gas  and  aur 
in  a  continuous  manner  in  a  chamber  or  channel  near;a  nozzle  or 
orifice  through  which  the  gases  of  greatly  increased  volume,  due 
to  the  combustion,  issue  in  the  form  of  a  jet.  The  inventor  states 
that  *'  the  gases  resulting  from  the  combustion,  and  issuing  from 
the  ignition  or  combination  chamber  or  channel,  or  a  current  of 
mixed  gas  and  air  produced  by  a  jet  action  of  the  gases,  is  led  into 
a  reaction  turbine,  so  as  to  thereby  impart  rotation  to  machinery. 
Or,  again,  the  ignition  or  combination  chamber  may  be  the  hollow 
arms  or  body  of  the  turbine  itself.  The  ignition  or  combination 
chamber  or  channel  is  to  be  lined  with  fireclay  or  other  suitable 
refractory  and  non-conducting  material  to  retain  heat  sufficient  for 
insuring  the  continuous  ignition  or  combustion  of  the  gas,  and  to 
prevent  loss  of  heat.  The  combustible  gas  and  the  air  are  led  to 
the  ignition  or  combination  chamber  under  a  suitable  pressure  by 

*  Application  for  British  Patent  No.  2326,  of  1871. 
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separate  pipes,  or  they  may  be  led  to  it  in  a  mixed  state  by  one 
pipe;  but  in  this  latter  case  a  diaphragm  of  porous  material  must 
be  interposed  at  the  inlet  into  the  ignition  chamber  to  prevent  the 
ignition  from  extending  back  along  the  supply  pipe.  There  may, 
of  course,  be  two  or  more  nozzles,  orifices,  or  outlets  to  one 
ignition  chamber." 

In  1877,  a  patent  was  granted  for  an  invention  communicated 
by  Joseph  Wertheim,  of  Frankfort-on-Main,  Germany,  for  *' obtain- 
ing and  applying  motor  power."*  Fig.  15  is  an  elevation  of 
Wertheim's  engine,  and  Fig.  16  is  a  vertical  section  of  part  of  it. 
A  is  a  chamber  into  which  air  and  gas  are  admitted  and  in  which 
they  are  exploded,  the  pressure  of  explosion  driving  water  down 
the  pipe  T,  so  as  to  drive  the  turbine  wheel  situated  within  the 
casing  C.  When  the  water  is  flowing  down  the  pipe  T,  the  valve 
G  is  open  and  the  valve  Q  is  closed,  so  that  the  water  is  directed 
along  the  passage  X  and  acts  on'  the  lower  vanes  of  the  turbine 
wheel.  The  flow  of  water  continues  up  the  pipe  H  into  the 
reservoir  D,  which  is  provided  with  an  air  chamber  E.  An  excess 
of  pressure  then  ensues  in  the  reservoir  D  over  that  in  the 
explosion  chamber  A,  and,  the  valve  G  being  now  closed  and  the 
valve  Q  open,  water  flows  down  the  pipe  H  and  through  the 
passage  Z,  acting  on  the  upper  turbine  vanes.  The  water  rises  up 
the  pipe  T  and  expels  the  products  of  combustion  from  the  ex- 
plosion chamber,  thus  completing  the  cycle. 

About  1882,  Dr  Gustav  de  Laval  invented  a  turbine  on  the 
principle  of  Hero's  engine.  Figs.  17  and  18  show  the  nozzle  N 
and  the  S-shaped  flyer  F  which  were  employed.  This  turbine 
seems  to  have  been  intended  chiefly  for  the  direct  driving  of  milk 
separators;  and  milk  separators  so  driven  are,  the  author  believes, 
now  at  work.  Dr  de  Laval  does  not  seem  to  have  thought  of  the 
divergent  nozzle  till  a  later  date. 

In  1884,  the  Hon.  C.  A.  Parsons  applied  for  a  patent  t  for 

*  British  Patent  No.  3444,  of  1876. 
t  British  Patent  No.  6735,  of  1884. 
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"Improvements  in  Rotary  Motors  actuated  by  Elastic  Fluid 
Pressure,*  and  applicable  also  as  Pumps."  The  specification  of 
this  patent  is  exceedingly  interesting,  and  has  probably  been  more 
read  than  any  other  British  patent  specification.  Four  editions 
have  been  sold  out  by  the  Patent  OflBce,  A  particularly  interest- 
ing part  of  the  specification  is  the  following  passage,  which  has 
reference  to  turbines  actuated  by  gaseous  products  of  combustion : — 

'*  Motors,  according  to  my  invention,  are  applicable  to  a  variety 
of  purposes,  and  if  such  an  apparatus  be  driven,  it  becomes  a  pump 
and  can  be  used  for  actuating  a  fluid  column  or  producing  pressure 
in  a  fluid.  Such  a  fluid  pressure  producer  can  be  combined  with 
a  multiple  motor,  according  to  my  invention,  to  obtain  motive 
power  from  fuel  or  combustible  gases  of  any  kind.  For  this 
purpose  I  employ  the  pressure  producer  to  force  air  or  combustible 
gases  into  a  furnace  into  which  there  may  or  may  not  be  intro- 
duced other  fuel  (liquid  or  solid).  From  the  furnace,  the  products 
of  combustion  can  be  led  in  a  heated  state  to  the  multiple  motor 
which  they  will  actuate.  Conveniently,  the  pressure  producer 
and  multiple  motor  can  be  mounted  on  the  same  shaft,  the  former 
to  be  driven  by  the  latter ;  but  I  do  not  confine  myself  to  this 
arrangement  of  parts.  In  some  cases  I  employ  water  or  other 
fluid  to  cool  the  blades,  either  by  conduction  of  heat  through  their 
roots  or  by  other  suitable  arrangement  to  efi'ect  their  protection."^ 

The  early  Parsons  steam  turbine,  as  described  in  this  specifica- 
tion and  as  first  made,  was  generally  speaking  the  same  as  the 
modern  Parsons  turbine.  Many  improvements  have  been  made 
since  then,  but  the  first  Parsons  turbine  constructed  in  1885  was 
a  practical  and  satisfactory  machine.  It  was  of  the  double-flow 
type,  the  steam  entering  at  the  centre  and  exhausting  at  both  ends. 
It  ran  at  18,000  revolutions  per  minute,  and  was  in  use  for  many 
years. 

♦  The  expression— actuated  by  fluid  pressure — was  unfortunate.  It  has 
remained  in  use,  and  has  led  to  much  misconception  as  to  the  action  of 
turbines,  which,  of  course*,  are  operated  by  the  kinetic  energy  of  the  fluid, 
and  not  directly  by  the  pressure. 
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In  the  list  of  distinguished  and  talented  engineers  to  whom 
credit  is  due  for  developing  the  steam  turbine  idea,  and  securing 
for  the  steam  turbine  its  present  extensive  use,  the  Hon.  C.  A. 
Parsons  easily  takes  first  place.  The  more  one  considers  the 
subject  of  the  evolution  of  the  elastic  fluid  turbine,  and  the  more 
one  views  each  step  of  progress  in  the  light  of  the  knowledge 
existing  at  the  time,  the  more  one  appreciates  the  value  of  the 
work  done  by  Parsons. 

In  1889,  Dr  de  Laval  applied  for  a  British  Patent*  for  a  steam 
turbine  wheel  combined  with  a  divergent  nozzle  for  converting  the 
heat  energy  of  the  steam  into  kinetic  energy,  and  directing  the 
fiteam  into  the  turbine  buckets.  Two  views  of  the  wheel  and 
nozzle,  taken  from  the  patent  specification,  are  given  in  Figs.  19 
and  20.  The  nozzle  is  substantially  the  same  as  the  de  Laval 
nozzle  now  used,  but  differs  in  two  details— (1)  The  neck  A  is 
angular  instead  of  being  rounded ;  (2)  the  approach  B  to  the  neck 
is  longer  than  is  now  employed.t 

Another  British  Patent  of  Dr  de  Laval's,  of  the  same  year,t  has 
reference  to  the  flexible  support  of  bodies  rotating  with  higher 
angular  velocities.  Several  devices  are  described  for  giving 
flexibility,  including  the  one  now  adopted  in  de  Laval  turbines — 
making  the  shaft  sufficiently  slender  to  be  flexible  within  the 
limits  required.  These  two  features — the  diverging  nozzle  and 
the  flexible  shaft — are  the  essential  features  of  the  modem  de 
Laval  turbine. 

Mr  Alexander  Morton,  of  this  city,  did  a  considerable  amount 
of  experimental  work  on  the  flow  of  fluids  through  nozzles  of 
different  forms  from  a  higher  to  a  lower  pressure,  and  several 
steam  turbines  were  made  and  run  by  him  during  the  years  1884 
to  1898.     Mr  Morton  read  several  papers  before  Glasgow  societies 

•  No.  7143,  of  1889. 

t  A  sectton  of  a  modern  de  Laval  nozzle  was  illoatrated  in  a  paper  read 
before  this  Institution  by  Mr.  Konrad  Andersson  in  1902. 

t  Na  1-2509,  of  1889. 
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on  the  results  of  his  experiments,  including  a  paper  before  this 
Institution  in  December,  1893,  on  Rotatory  and  Reaction  Engines. 
Figs.  21  and  22  illustrate  a  steam  turbine  of  Morton's  of  about 
16  B.H.P.,  which  was  employed  in  driving  a  Schiel^  fan  at  the 
works  of  Messrs  Campbell,  Smart  &  Co.,  Old  Dumbarton  Road, 
Glasgow.  The  right  hand  part  of  Fig.  21  is  a  side  elevation  of  the 
engine,  and  the  left  hand  part  a  vertical  axial  section.  The  right 
and  left  hand  sides  of  Fig.  22  are  cross  sections  on  the  lines  of 
L  L  and  R  R  respectively  of  Fig.  21,  looking  respectively  to  the 
left  and  to  the  right. 

The  cylindrical  casing  A  encloses  three  chambers,  of  which  the 
left  hand  one  and  half  of  the  centre  one  are  shown  in  section  in 
Fig.  21.  The  casing  is  built  up  of  two  parts,  of  which  the  plane 
of  division  is  indicated  by  P  P,  The  divisions  between  the 
chambers,  of  which  one  C  is  shov\m,  are  cast  in  one  piece  with  the 
respective  parts  of  the  casing,  and  are  flat,  The  end  covers  K  K 
are  dished.  In  each  chamber  is  a  duplex  wheel  composed  of  three 
circular  steel  plates,  of  which  the  centre  one  N  is  flat,  while  the 
others  O  O  are  dished.  These  three  plates  are  connected  together 
at  the  ircircumference  by  the  brass  rings  S  S^.  The  centre  plate, 
is  attached  to  the  nave  M,  which  is  mounted  on  a  conical  part  of 
the  shaft  D,  Nozzles  are  formed  in  the  brass  rings  S  Sp  those  in 
the  ring  S  being  outward  flow,  and  those  in  the  ring  S^  being 
inward  flow,  as  shown  in  Fig,  22,  where  the  outward  flow  nozzles 
are  indicated  by  the  letters  U  U  and  the  inward  flow  nozzles  by 
the  letters  V  V, 

Steam  is  admitted  to  the  first  wheel  by  way  of  the  conduit  T 
and  the  annular  space  W  around  the  shaft.  The  steam  passes 
outwards  between  the  plates  0  and  N  of  the  first  wheel,  and  quits 
the  wheel  and  enters  the  chamber  X  by  way  of  the  nozzles  U,  in 
which  it  expands  and  gains  velocity,  the  change  of  momentum 
acting  to  rotate  the  wheel. 

The  steam  then  passes  back  from  the  Chamber  X  to  the  interior 
of  the  wheel  by  way  of  the  nozzles  V,  in  which  it  again  expands, 
and  the  reactive  force  is  again  employed  to  rotate  the  wheel.     The 
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Steam  passes  inwards  towards  the  shaft,  and  proceeds  to  the 
second  wheel  by  way  of  an  annular  passage  between  the  bearing 
Y  and  the  interior  of  the  partition  G«  The  steam  proceeds  through 
the  second  and  third  wheels  in  the  same  manner.  The  nozzles 
through  the  ring  S  of  the  first  wheel  measure  ^  of  an  inch  by 
I  an  inch.  The  other  nozzles  are  progressively  greater,  till  the 
last  set  are  nearly  ^  of  an  inch  by  1  inch.  The  vanes  £  and  F 
are  provided  for  the  purpose  of  re-directing  the  steam  after  leaving 
the  nozzles.  The  vanes  F  are  carried  by  the  non-rotating  conical 
plates  H,  of  which  there  is  one  for  each  wheel. 

The  means  for  balancing  the  axial  pressure  on  the  first  wheel 
is  shown  in  Fig,  21,  Z  is  an  annular  chamber  which  is  kept  at 
the  same  pressure  as  exists  in  the  second  compartment  of  the 
wheel  by  means  of  the  tubes  L,  This  chamber  is  proportioned 
so  as  to  give  the  necessary  balancing  effect. 

This  turbine  was  tested  at  various  speeds  up  to  rather  over 
1,000  revolutions  per  minute.  It  was  found  to  be  the  most  efficient 
at  the  higher  speeds,  and  another  turbine  was  consequently 
designed  to  run  with  a  greater  angular  velocity. 

This  second  turbine  had  only  one  chamber.  Fig.  23  is  a  vertical 
section  of  the  machine.  There  are  two  wheels,  each  formed  of 
dished  plates  connected  together  by  rings  containing  nozzles. 
The  first  wheel  through  which  the  steam  passes  outwardly  has 
four  dished  plates  B,  G,  E,  L,  and  three  rings  1,  2,  3,  The  second 
wheel  through  which  the  steam  passes  inwardly  has  three  dished 
plates  M,  N,  P,  and  two  rings  4,  5.  The  nozzles  formed  in  the 
rings  are  very  much  the  same  as  those  of  the  previously  con- 
structed turbine.  Fig,  24  shows  the  (outward  flow)  nozzles  of  the 
outermost  ring  of  the  first  wheel,  and  Fig.  25  shows  the  (inward 
flow)  nozzles  of  the  outer  ring  of  the  second  wheel.  Vanes  E  are 
formed  on  the  casing  A  to  arrest  the  rotation  of  the  steam  issuing 
from  the  nozzles  in  the  ring  3,  and  vanes  F,  F^,  F^,  F^  carried  by 
dished  plates  H  are  provided  at  the  exit  ends  of  the  other  nozzles 
to  redirect  the  steam.  King  1  of  the  first  wheel  is  9^  inches, 
ring  2  is  12^  inches,  and  ring  3  is  15  inches  in  diameter.    The  two 
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rings  of  the  second  wheel  are  respectively  15  inches  and  12|- 
inohes  in  diameter.  Bing  1  (of  the  first  wheel)  has  eight  nozzles, 
each  ^  of  an  inch  by  i  an  inch.  Bing  5  (of  the  last  wheel)  has 
ten  nozzles,  each  ^  of  an  inch  by  1  inch. 

The  two  wheels  are  mounted  on  the  same  shaft  which  runs  at 
4,000  revolutions  per  minute,  ordinary  oil  cups  and  wicks  being 
used  for  lubrication.  The  steam  enters  the  casing  by  the  duct  B, 
and  leaves  it  by  the  duct  S. 

The  engine  was  tested  by  Professor  Barr  and  Mr  H.  A.  Mavor, 
of  this  city,  and,  with  steam  at  78  lbs.  per  square  inch  above 
the  atmosphere  and  a  vacuum  of  20  inches,  was  found  to  consume 
87  lbs.  of  steam  per  b.  h.  p.-hour  when  developing  10'16  brake 
horse  power. 

These  two  turbines  of  Morton's  were  found  to  run  satisfactorily 
and  give  little  trouble.  Their  high  steam  consumption  was, 
however,  against  them. 

In  1894,  M.  Bateau  began  the  construction  of  a  single-wheel 
steam  turbine;  and  Bateau  turbines  of  this  type  were  built  at 
St.  Etienne  and  at  Paris  during  the  years  1895  and  1896.  The 
best  design  of  single-disc  Bateau  turbine  had  a  wheel  like  a  Pelton 
water-wheel.  Several  of  these  turbines  are  said  to  be  still  running. 
The  Bateau  multi-cellular  turbine  seems  to  have  been  schemed 
out  by  M.  Bateau  about  1897,  and  one  of  these  machines,  of  about 
900  H.p.  was  commenced  by  Messrs  Sautter,  Harle  &  Cie.,  in 
1898.  A  Bateau  multi-cellular  turbine  of  1,000  h.  p.  was  to  have 
been  exhibited  at  the  Paris  International  Exhibition  in  1900,  but 
was  not  ready  in  time ;  and  it  was  not  until  about  1901  that  the 
Bateau  multi-cellular  turbine  had  really  passed  over  the  pre- 
liminary experimental  stage. 

About  1895-6,  Mr  C.  G.  Curtis,  of  New  York,  started  ex- 
perimenting on  a  type  of  steam  turbine  differing  considerably  from 
either  the  Parsons  or  the  de  Laval,  the  only  two  turbines  which 
had  then  been  made  on  anything  other  than  an  experimental 
scale.  Mr  Curtis'  object  was  to  obtain  satisfactory  results  with 
fewer  parts  than  the  Parsons  type  of  turbine  required,  and  yet 
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iK>  get  sufficiently  low  speeds  of  rotation  to  avoid  the  use  of  gearing. 
About  1900,  the  General  Electric  Company  of  America  undertook 
to  build  Curtis  machines  for  service,  A  600  kilowatt  unit  was 
then  built,  and  was  put  into  operation  at  Schenectady  towards  the 
-end  of  1901.  This  machine  had  a  horizontal  shaft.  Shortly  after 
this,  work  was  commenced  on  a  5,000  kilowatt  unit  for  the  Chicago 
Edison  Co.,  and  a  600  kilowatt  unit  for  the  Newport  (E,  I.)  power 
station  of  the  Massachusetts  Electric  Companies.  These  machines 
had  vertical  shafts. 

The  Biedler-Stumpf  and  the  Zoelly  turbines  have  been  placed 
on  the  market  at  a  still  later  date. 

Although  there  are  at  present  being  constructed,  and  sold  in  large 
<quantities,  turbines  which  differ  among  themselves  very  consider- 
ably, there  is  a  visible  tendency  of  the  different  types  to  approach 
each  other. 

The  history  of  the  Curtis  turbine  appears  to  show  a  gradual 
approach  towards  greater  similarity  to  the  Bateau. 

The  Zoelly  turbine,  which  very  closely  resembles  the  Bateau, 
but  is  of  later  date,  has  a  less  number  of  stages  and  higher  vane 
speed,  thus  approaching  more  nearly  to  the  Curtis. 

The  British  Westinghouse  Electric  and  Manufacturing  Co.,  Ltd., 
have  recently  altered  their  design  of  Parsons'  turbine  and  provided 
nozzles  and  what  they  call  ** impulse"  blades,  which  deal  with  the 
first  part  of  the  expansion  of  steam.  The  initial  treatment  of  the 
steam  very  closely  resembles  that  adopted  in  the  Curtis  turbine. 
The  length  of  the  turbine  is  much  shortened  by  this  device. 

The  Brush  Electrical  Engineering  Hoy.,  Ltd.,  have  recently 
shortened  their  standard  designs  of  turbines. 

The  Stumpf  turbine  was  made  first  with  one  wheel,  but  there  is 
now  a  design  having  two  wheels. 

The  Maison  Br6guet,  who  manufacture  the  de  Laval  turbine  in 
Paris,  are  said  to  be  experimenting  with  multiple-wheel  turbines. 

The  present  tendency  seems,  therefore,  for  the  different  types 
to  come  closer  together. 

The  success  of  the  steam  turbine  during  the  last  few  years  has 
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caused  much  attention  to  be  given  to  the  question  of  the  employ- 
ment of  hot  gaseous  products  of  combustion  to  drive  a  turbine. 
To  one  who  has  not  considered  the  question  deeply,  it  appears 
natural  to  think  that,  as  steam  turbines  have  been  built  to  sue* 
cessfully  compete  veith  reciprocating  steam  engines,  it  ought  to  be 
possible  to  build  a  gas  turbine  to  successfully  compete  vritb 
reciprocating  gas  engines.  It  vdll  be  useful  to  consider  here  the 
relative  advantages  and  disadvantages  of  reciprocating  and  turbine 
steam  engines,  and  to  try  to  see  how  far  these  will  apply  to 
reciprocating  and  turbine  gas  engines. 

In  a  reciprocating  steam  engine  the  frictional  losses  are 
generally  small  —  wonderfully  small  in  some  cases ;  but  it 
suffers,  however,  from  two  great  losses.  One  of  these  is  that 
the  expansion  cannot  be  carried  to  the  condenser  pressure,  and 
the  other  is  that  more  steam  is  consumed  than  is  represented 
on  the  indicator  diagram.  The  first  loss  is  very  well  under- 
stood; but  practical  considerations  prevent  one  from  reducing 
it.  The  volume  of  steam  increases  so  rapidly  with  loss  of  heat 
at  low  pressures  that,  to  expand  the  steam  in  a  cylinder  in  a 
manner  approaching  the  isentropic  to  a  good  vacuum  would 
require  a  cylinder  of  unpracticable  size.  For  example,  if  steam  at 
200  lbs.  pressure  absolute  were  expanded  isentropically  to  a  pres- 
sure of  0-6  lbs.  absolute  (28*8  inches  of  mercury  when  the  baro- 
meter is  at  30),  25*5  per  cent,  of  the  steam  would  be  condensed ; 
and  the  volume  of  1  lb.  of  the  steam  and  water  would  be  over  400 
cubic  feet.  It  would  require  a  cylinder  6J  feet  in  diameter  by  12 
feet  stroke  to  contain  this  single  lb.  Even  to  expand  the  steam  to 
a  much  poorer  vacuum  would  require  a  cylinder  of  unpracticable 
size  for  the  power.  A  turbine  on  the  other  hand  can,  without  any 
practical  diflBculty  and  without  the  necessity  for  huge  dimensions, 
be  made  to  expand  the  steam  almost  to  the  pressure  in  the 
condenser. 

The  other  great  loss  with  reciprocating  steam  engines  is,  as 
aforesaid,  that  more  steam  is  actually  consumed  than  is  accounted 
for  by  an  indicator  diagram.     Strictly  speaking,  this  is  a  proof  of 
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the  loss  rather  than  the  loss  itself.  The  causes  of  the  loss  are 
probably  initial  condensation  and  leakage  past  valves;  but  how 
much  of  the  loss  should  be  attributed  to  initial  condensation,  and 
how  much  to  leakage  past  valves,  is  a  question  about  which  there 
is  much  difference  of  opinion;  but  that  a  waste  of  steam  does 
occur  has  been  proved  beyond  doubt. 

These  two  great  losses  are  incurred  by  reciprocating  steam 
engines,  while  steam  turbines  are  practically  free  from  them. 
But  the  efficiency  of  steam  turbines  is  only  about  the  same  as  that  of 
reciprocating  steam  engines.  Therefore,  turbines  must  be  sub- 
jected to  losses  from  which  reciprocating  engines  are  exempt,  or 
to  which  reciprocating  engines  are  subjected  to  a  less  extent. 
These  losses  may  be  understood  by  turbine  builders,  but  they 
have  not  received  from  engineers  in  general  an  amount  of 
attention  proportional  to  their  importance.  The  losses  are  due  to 
friction  and  eddies.  In  a  reciprocating  engine  there  is  friction 
between  the  mo^^ng  metallic  parts.  This  friction  accounts  for  the 
difference  between  the  lh.p.  and  the  b.h.p.,  and  is  in  its  important 
features  well  understood. 

In  a  steam  turbine  running  well  there  ought  to  be  very  little 
friction  of  this  nature.  There  are,  however,  fluid  frictional  losses 
and  eddy  losses  which  depend  upon  the  type  of  turbine  and  the 
dimensions  and  speeds  of  rotation  of  the  rotating  parts.  For  simi- 
lar wheels,  the  moment  of  frictional  drag  or  the  speed-reducing 
torque  produced  by  the  rotation  of  the  wheel  in  steam  of  a  given 
pressure  and  dryness  fraction  (or  superheat)  varies  approximately 
at  least  as  the  fifth  power  of  the  diameter  and  the  square  of  the 
angular  velocity  or  revolutions  per  minute.  The  useful  work 
taken  per  second  or  per  minute  from  the  turbine  by  this  drag  is* 
therefore  proportional  to  the  fifth  power  of  the  diameter  of  the 
wheel  and  the  cube  of  the  angular  velocity.  From  this  it  can 
easily  be  deduced  that  it  is  better,  as  far  as  this  loss  of  work  is 
concerned,  to  obtain  the  requisite  vane  speed  with  a  small  wheel 
and  a  high  angular  velocity  than  with  a  large  wheel  having 
a  relatively  small  angular  velocity.     There  are  usually,  however 


108  THE  EVOLUTION  AND  PROSPECTS   OF 

considerations  which  limit  the  angular  velocity  and  thus  cause  a 
much  greater  absorption  of  energy  from  the  turbine  spindle  than 
would  otherwise  be  the  case. 

There  is  also  friction  in  the  passage  of  the  steam  through  the 
moving  buckets  of -a  turbine  and  through  the  nozzles  or  guiding 
passages,  which  reduces  the  velocity  of  the  steam,  and  there- 
fore reduces  the  amount  of  mechanical  work  obtainable  from 
it.  The  loss  in  any  case  presumably  depends  greatly  on  the 
velocity  of  the  steam.* 

Kinetic  energy  is  obtained  by  the  expansion  of  the  steam  in  one 
or  more  stages,  and  there  is  always  some  of  this  energy 
which  is  not  given  up  to  the  rotating  parts  of  the  turbine,  but  acts 
to  produce  eddies.  The  percentage  kinetic  energy  which  thus 
goes  to  eddies  depends  upon  the  type  of  turbine,  the  vane  and 
«team  velocities,  the  angles  of  the  buckets,  etc. 

The  kinetic  energy  given  up  by  the  steam  or  by  the  rotating- 
parts  of  the  turbine  in  friction  and  eddies  is  (except  for  a  possible 
«mall  loss  by  eddies  at  exhaust)  converted  back  into  heat,  some 
of  which  escapes ;  but  the  greater  part  as  a  rule  is  given  back 
to  the  steam.  It  is  important  to  consider  what  real  loss  a  turbine 
suffers  through  friction  and  eddies. 

An  entropy  temperature  diagram  for  steam  is  shown  in  Fig.  26. 

AB  represents  the  heating  of  the  feed  water,  B  G  the  generation 
of  steam,  G  D  the  isentropic  expansion  of  the  steam,  and  D  A  the 
isothermal  condensation  of  the  remaining  uncondensed  steam  back 
to  feed  water  at  the  original  temperature. 

The  efficiency  of  any  heat  engine  working  on  the  cycle  shown 
is  represented  by  the  ratio  of  the  area  ABGD  to  the  area  FABCE, 
the  latter  area  representing  the  total  heat  supplied  to  the  engine, 
and  the  former  area  the  portion  of  this  which  can  be  converted 
into  mechanical  work. 

If  a  steam  turbine,  working  in  conjunction  with  a  steam  genera- 

*The  friction  in  different  types  of  tarbine  is  compared  in  a  paper  read  by 
the  Author  before  the  Manchester  Association  of  Engineers,  Jannary  14th, 
1905. 
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tor  and  with  a  condenser,  could  work  on  the  cycle  shown  by  the 
diagram  (which  has  been  called  the  Rankine  cycle),  then  the 
thermal  efficiency  would  be  represented  by  the  ratio  of  the  area 
ABCD  to  the  area  FABCE, 

In  steam  turbines  some  of  the  mechanical  energy  represented 
by  the  area  A  B  G  D  is  absorbed  by  friction  (eddies  are  included 
in  the  term  friction).  Heat  is  produced  by  the  friction,  and  this 
heat  is  employed  in  whole  or  in  part  in  adding  to  the  heat  energy 
of  the  steam.  Generally,  by  far  the  greater  part  of  the  friction- 
produced  heat  must  go  to  increase  the  heat  energy  of  the  steam. 
In  a  turbine  of  the  Parsons  type  this  heat  energy  is  added  to  th& 
steam  gradually  and,  presumably,  with  fair  regularity  during  the 
expansion  of  the  steam.  In  other  types  of  turbine  the  supply  of 
heat  from  this  source  may  be  less  regular.  Let  0  H  represent  the 
expansion  of  the  steam  while  being  continually  supplied  with 
friction-produced  heat ;  C  H  has  been  drawn  straight,  but  there  is 
no  reason  why  it  should  be  a  straight  line — it  may  be  concave  to 
either  side.  The  total  heat  given  to  the  steam  by  friction  is  then 
represented  by  the  area  E  0  H  K.  Of  this  the  part  represented  by 
the  area  D  0  H  is  converted  into  mechanical  work,  and  the  part 
represented  by  the  area  E  D  H  K  is  rejected  to  the  condenser. 
The  total  mechanical  work  is  then  represented  by  the  area  ABCH» 
The  work  done  against  friction  must  come  from  that  part  of  the 
heat  energy  of  the  steam  which  has  been  converted  into  mechanical 
work.  Therefore,  before  the  net  amount  of  useful  mechanical 
work  obtainable  from  the  steam  can  be  ascertained,  an  amount  equal 
to  or  greater  than  the  area  E  G  H  K  must  be  deducted  from  the 
area  A  B  C  H.  Let  only  an  equal  amount  be  deducted,  that  is, 
suppose  that  all  the  friction-produced  heat  is  given  to  the  steam. 
If  the  line  M  N  be  drawn  so  that  the  area  N  M  G  D  equals  the  area 
E  D  H  K,  then  the  area  N  M  G  H  equals  the  area  E  C  H  K  The 
area  A  B  M  N  then  represents  the  net  mechanical  energy  of  the 
steam  which  is  or  can  be  usefully  employed.  The  line  N  M  has, 
of  course,  no  significance  as  regards  its  position  or  inclination  or 
curvature.     It  is  only  drawn  to  cut  off  an  area  of  a  given  size,  and 
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it  is  usually  convenient  to  draw  it  straight  and  veiiiical.  It  will  be 
evident  from  the  diagram  that  friction  must  always  cause  a  net 
loss  of  mechanical  work.  It  will  also  be  evident  that  the  ratio  of 
the  net  loss  to  the  work  done  against  friction,  i.e,,  the  ratio  of  the 
area  N  M  C  D  to  the  area  E  C  H  K  depends  upon  when  the  friction 
occurs.  The  net  loss  is  greater  or  less,  according  as  the  friction 
occurs  at  a  later  or  earlier  period  in  the  expansion. 

Fig.  27  is  a  similar  diagram  for  steam  which  is  superheated. 
This  diagram  requires  little  explanation.  The  line  G  Q  represents 
the  superheating  of  the  steam  at  constant  pressure  (before  ad- 
mission to  the  turbine).  WX  is  dravTU  to  cut  off  an  area 
XWCQV  equal  to  the  area  RVST,  so  that  the  area  AB WX 
represents  the  net  useful  mechanical  work  obtainable. 

This  frictional  and  eddy  loss  is  so  great  vnth  steam  turbines  as 
to  lower  their  practical  efficiency  to  approximately  the  same  as 
that  of  reciprocating  steam  engines  of  equal  power.  Now  this 
frictional  and  eddy  loss  may  be  expected  to  occur  whenever  the 
heat  energy  of  an  elastic  fluid  is  converted  into  mechanical  work 
by  means  of  a  turbine.  Therefore  it  must  be  counted  upon  in  a 
gas  turbine,  and  it  will  handicap  the  gas  turbine  as  compared  with 
the  reciprocating  gas  engine.  The  gas  turbine  will  be  further  handi- 
capped owing  to  frictional  and  eddy  losses  during  compression. 

It  will  therefore  be  obvious  that,  unless  the  gas  turbine  wastes 
less  energy  than  the  reciprocating  gas  engine  in  other  ways,  it  will 
have  a  much  lower  efficiency.  It  ought  to  waste  less  energy  than 
the  reciprocating  gas  engine  does  in  the  friction  between  relatively 
moving  metallic  parts.  In  a  reciprocating  gas  engine,  the  friction 
of  the  piston,  crank  shaft,  crank  pin,  skew  gearing,  cams,  &c.,  is 
usually  a  large  fraction  of  the  total  i.h.p.  of  the  engine.  The  gas 
turbine  ought  also  to  waste  less  energy  at  exhaust,  because  it 
ought  to  be  able  to  expand  the  gas  down  to  approximately  the 
pressure  of  the  atmosphere,  whereas  reciprocating  gas  engines 
usually  stop  the  expansion  very  far  short  of  this.  Otto  cycle 
engines  stop  the  expansion  when  a  volume  is  reached  equal  to  the 
volume   before   compression.      The   pressure   at  exhaust    must, 
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therefore,  in  .Otto  engines  be  very  much  above  atmospheric  if  the 
efficiency  is  good. 

The  relative  losses  which  will  be  incurred  by  gas  turbines  and 
reciprocating  engines  by  heat  transferred  to  metal  surfaces  and 
radiated  or  conducted  away  will  depend  upon  the  nature  of  the 
turbine  used.  In  a  reciprocating  gas  engine,  a  large  amount  of 
beat  passes  from  the  gas  through  the  walls  of  the  cylinder  into  the 
water  in  the  jacket.  If  gas,  at  the  same  high  temperature  as 
exists  in  the  cylinder  of  a  reciprocating  explosion  gas  engine  just 
after  the  explosion,  were  admitted  to  a  turbine  of  the  Parsons  type, 
the  blades  would  have  to  be  water  cooled  (it  is  questionable  if 
this  would  save  them,  but  admit  it  for  the  sake  of  argument.),  and 
a  much  larger  amount  of  heat  would  pass  to  the  jacket  water  than 
is  the  case  with  a  reciprocating  gas  engine  If,  however,  divergent 
nozzles  were  employed  to  convert  the  heat  energy  of  the  gas  into 
Icinetic  energy  before  the  gas  was  admitted  to  the  casing  in  which 
the  turbine  wheel  or  drum  rotated,  the  heat  losses  in  the  turbine 
would  be  much  reduced.  The  nozzles  would,  of  course,  have  to 
be  made  of  or  lined  with  refractory  material,  and  in  certain  cases  at 
least  would  have  to  be  water  cooled  in  addition.  The  heat  trans- 
ferred by  the  gas  to  the  nozzles  would  be  appreciable,  but  still 
probably  not  very  great.  It  would  probably  be  advisable  to  make 
the  nozzles  larger  for  the  power  than  in  the  case  of  steam  turbines, 
and  employ  fewer  of  them,  thus  reducing  the  cooling  surface  per 
square  inch  of  section  at  the  throat. 

Steam  can  be  expanded  very  satisfactorily  in  divergent  nozzles, 
even  with  very  large  ratios  of  expansion,  for  example,  from  200 
lbs.  per  square  inch  absolute  to  1  lb.  per  square  inch  absolute, 
which  is  a  ratio  of  200.  No  experimental  data  of  much  value  are, 
however,  to  be  obtained  regarding  the  corresponding  expansion  of 
hot  air  or  the  hot  gaseous  products  of  combustion  obtained  from 
the  combustion  of  a  hydro-carbon  in  air ;  and,  until  such  experi- 
ments are  made  and  the  results  published,  one  will  be  very  much 
in  the  dark  as  to  what  help  may  be  expected  from  the  divergent 
hozzle  in  enabling  successful  gas  turbines  to  be  obtained. 
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When  an  elastic  fluid  i  s  passed  through  a  nozzle  or  orifice  trom- 
a  higher  to  a  lower  pressure,  the  heat  energy  corresponding  to  the 
drop  of  pressure  is  converted  into  kinetic  energy.     In  order  that 
the  kinetic  energy  may  be  in  a  form  in  which  it  can  be  utilised  to- 
the  best  advantage  to  produce  mechanical  work,  it  is  necessary 
that  the  velocities  of  the  particles  should  be  arranged  in  some- 
methodical  manner — it  would  not  do  if  the  particles  were  moving- 
all  in  different  directions,  and  all  with  different  magnitudes  of 
velocity.     For  turbine  work  it  is  desirable  that  the  particles  should 
all  leave  the  nozzle  with   the   same  velocity,  both  as  regards 
magnitude  and  as  regards  direction,  so  as  to  produce  a  homo- 
geneous stream  of  constant  section,  or,  as  it  is  sometimes  called,, 
though   rather  paradoxically,  a   *'  solid  stream  of  fluid."     With 
steam,  a  close  approximation  to  this  effect  can  be  obtained  by^ 
adopting  a  suitable  nozzle.     The  design  of  the   nozzle  depends 
upon  the   initial  condition  of  the  steam  and  the  final  pressure. 
After  the  heat  energy  of  an  elastic  fluid  has  been  converted  in  to- 
kinetic  energy  in  a  nozzle,  some  of  the  kinetic  energy  so  obtained 
is  converted  back  into  heat  owing  to  friction.     There  is  a  loss 
due  to  this  double  conversion,  which  loss  has  already  been  dealt 
with.      With   steam   expanding  in   a   suitable   nozzle,   the   loss 
appears  to  be  slight.    Without  experiment,  however,  it  cannot  be 
said  that  the  loss  would  be  equally  small  with  other  elastic  fluids. 
Experiment  in  this  direction  is  much  needed. 

It  has  also  been  proposed  to  mix  steam  or  water  with  the  hot 
products  of  combustion  in  order  to  reduce  their  temperature,  thus 
obtaining  a  large  mass  of  fluid  at  a  moderate  velocity  instead 
of  a  small  mass  at  a  very  high  velocity.  This  proposal  has  much 
to  be  said  in  its  favour,  and  several  experimentists  seem  to  have 
adopted  it.  It  is  as  well,  however,  to  take  care  lest  its  value  is 
not  overrated. 

If  the  gas  and  fuel  are  compressed  before  combustion  to  a  high 
pressure,  and  the  Brayton  or  Otto  cycle  followed  except  as  regards 
the  mixture  with  the  water  or  the  steam,  a  fairly  high  ideal  efficiency 
is  the  result.     The  ratio  of  negative  work  to  gross  work  is,  however^ 
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high — much  higher  than  one  might  at  first  be  led  to  suppose/ 
If  no  compression  is  adopted  and  the  fuel  and  air  burnt  at,  or 
exploded  from,  atmospheric  pressure,  there  is  approximately  no 
negative  work ;  but  the  efficiency  is  not  high  for  a  gas  engine. 

The  products  of  complete  combustion  of  a  hydrocarbon  with 
oxygen  are  steam  and  carbon  dioxide  of  which  the  steam  is  con- 
densible.  If  more  steam  is  added,  the  proportion  of  condensible 
matter  is  increased.  It  will,  therefore,  be  possible  by  the  aid  of  a 
condenser  and  air  pump  to  work  the  turbine  condensing.  The  air 
pump  will,  however,  require  to  be  large.  A  reciprocating  air  pump 
would  probably  be  out  of  the  question.  A  rotary  air  pump  might  do. 
The  compression  losses  in  a  gas  turbine  are  so  important 
that  a  good  deal  of  space  can  be  justifiably  devoted  to  them. 
In  a  gas  engine,  compression  of  the  air  and  fuel  before  ignition 
is  necessary  for  efficiency  ;  and  generally  it  may  be  said  that  the 
greater  the  compression,  the  greater  the  thermal  efficiency.  Now 
compression  means  negative  work — it  means  that  some  of  the 
mechanical  work  which  has  been  obtained  from  the  heat  energy 
of  the  fluid  never  leaves  the  engine,  but  has  to  be  expended  in 
pumping.  Let  the  terms  gross  work,  negative  work,  and  net  work 
be  used.  The  gross  work  is  the  total  mechanical  work  performed 
by  the  fluid.  It  is  represented  in  the  pressure-volume  diagram  of 
an  explosion  engine  by  the  area  ABCDEF,  Fig.  28.  The 
negative  work  is  represented  by  the  area  ABC  F.f    The  net  work 

*See  paper  read  by  the  author  before  the  Inst,  of  Mechanical  Engineers, 
Oct.  2l8t,  1904. 

fin  the  negative  work  has  been  included  not  only  the  work  of  compres- 
sion, but  also  the  work  done  in  delivering  the  charge  in  a  compreafied  state. 
This  is  the  true  ne^tive  work  if  the  compression  is  performed  in  a  separate 
chamber  from  that  in  which  expansion  takes  place.  It  is  not  strictly  true 
in  the  ordinal  y  Otto  engine  in  which  there  is  no  delivery  of  the  compressed 
charge.  With  a  turbine,  the  compressed  charge  would  have  to  be  deiivered 
after  compression,  and  the  negative  work  has  been  defined  accordingly. 
If  the  work  of  delivering  the  compressed  charge  is  included  in  the  negative 
work,  then  an  equal  amount  of  work,  representing  the  work  done  in  entering 
the  combustion  chamber  must  be  included  in  the  gross  work.  This  has  been 
done.  Otherwise  the  gross  work  would  have  to  be  represented  only  by  the 
area  F  H  C  D  E  and  the  negative  work  by  the  area  H  C  F. 
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is  the  difference  between  the  gross  work  and  the  negative  w^ork 
and  it  is  represented  by  the  area  C  D  B  F.  It  is  this  net  work 
which  engineers  usually  wish  to  obtain  when  they  take  an  indicator 
diagram  of  an  engine.  Therefore,  they  measure  only  the  area, 
C  D  E  F,  given  on  the  indicator  card.  In  an  ideal  engine,  one  is 
concerned,  as  regards  the  efficiency,  only  with  the  ratio  of 
the  net  work  to  the  heat  supplied  to  the  engine.  With  engines 
which  are  not  ideal  (and,  of  course,  no  engine  is)  the  ratio 
between  the  negative  work  and  the  gross  work  is  very  im- 
portant. Especially  is  this  the  case  if  the  efficiency  of  com- 
pression is  low.  To  show  this  forcibly  consider  an  extreme 
case.  Suppose  that  the  ratio  of  negative  work  to  gross  work 
in  an  ideal  engine  is  0*5;  or  in  simpler  language,  suppose 
that  the  pump  requires  half  the  gross  power  of  the  machine,  there 
being  no  friction.  If  now  the  machine  is  not  ideal,  and  if  the 
mechanical  efficiency  of  the  pump  is  only  |,  and  that  of  the  motor 
only  f ,  no  useful  work  whatever  will  be  got  out  of  the  machine — 
all  the  work  will  be  absorbed  by  the  frictional  and  other  losses. 
For,  if  the  power  of  the  motor  proper,  including  that  spent  on 
friction  is  100,  the  pump  will  require  50,  and  as  its  efficiency 
is  I  it  will  take  75.  This  is  exactly  what  the  motor  will  give 
out  after  deducting  friction.  There  will,  therefore,  be  no  power 
whatever  obtainable  from  the  machine  for  doing  external  work. 
Even  if  the  mechanical  efficiency  of  the  motor  were  increased 
from  76  per  cent,  to  86  per  cent.,  or  the  mechanical  efficiency  of 
the  pump  increased  from  67  per  cent,  to  77  per  cent,,  the  work  got 
out  of  the  machine  would  amount  to  only  ^g,  or  20  per  cent,  of  that 
'  obtainable  from  the  ideal  machine,  the  addition  to  the  efficiency 
of  the  pump  having  in  this  case  the  same  effect  as  the  addition  to 
the  efficiency  of  the  motor  proper,  although  the  work  done  by  the 
pump  is  much  less  than  the  work  done  by  the  motor. 

Let  E  represent  the  efficiency  of  the  motor  proper,  and  e  the 
efficiency  of  the  pump.  Let  n  represent  the  ratio  of  negative  w^ork 
to  gross  work,  which  would  exist  in  an  ideal  engine,  that  is  an 
engine  in  which  E  and  e  were  both  unity.     Let  Wj  represent  the 
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work  which  would  be  got  out  of  the  ideal  machine,  and  W  the 
work  that  can  be  got  out  of  the  actual  machine — 


Then  W  =  Wi  (e  ~  ^Y 


If  n  is  a  very  small  fraction,  e  is  of  comparatively  little  import- 
ance; if  n  is  large — say  from  0-3  to  0-5— c  is  of  very  great 
importance. 

Turbine  compressors  do  not  seem  to  be  efficient,  with  the 
possible  exception  of  those  used  for  small  ratios  of  compression. 
It  is  desirable,  therefore,  in  a  gas  turbine,  to  be  able  to  work  with 
a  small  value  of  n.  Unfortunately,  a  small  value  of  n  means, 
as  a  rule,  a  small  value  of  W^  for  a  given  quantity  of  heat  energy 
supplied  to  the  engine.  This  was  discussed  somewhat  fully  in 
a  paper,  read  by  the  Author  before  the  Institution  of  Mechanical 
Engineers,  in  October,  1904,  to  which  paper  reference  can  be  made 
by  those  interested.  An  efficient  gas  turbine,  which  is  a  turbine 
both  as  regards  the  motor  and  the  pump,  seems  therefore  to  depend 
on  the  obtaining  of  an  efficient  turbine  compressor.  If  someone 
could  produce  a  turbine  compressor,  or  any  other  iorm  of  rotary 
pistonless  compressor,  which  could  compress  air  isentropically  from 
atmospheric  temperature  and  pressure  to  a  pressure  of  300  lbs. 
per  square  inch,  with  an  efficiency  of  90  per  cent.,  the  road  to 
a  successful  and  economical  gas  turbine  would  be  very  much  clearer 
than  it  is  now. 

The  preliminary   experimental   stage   of  the   gas  turbine   has 

not  yet  been  passed,  and  it  cannot  at  present  be  said  whether  or 

not  it  ever  will.     If  satisfactory  information  were  obtained  from 

experiment  on  the  following  four  points  then  it  could  be  said 

whether  or   not  there  was  any  reasonable  chance  of  success  in 

the  near  future  : — 

1.   Losses  in  pneumatic  compression  to  high  pressures — 

(a)  With  reciprocating  compressors. 

(h)  With  rotary  compressors. 

(c)  With  a  combination  of  reciprocating  and  rotary  com- 
pressors. 
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2.  Expansion  of  hot  gases  in  divergent  nozzles. 

3.  Tranference  of  heat  from  gases  to  metals  at  high  tempera- 

tures— especially  at  very  high  velocities. 

i.   Oxidation  of  turbine  blades^vrhen  exposed  to  the  action  of 
air,  steam,  carbon  dioxide,  &c,,  at  high  temperatures. 

Until  thorough  experiments  have  been  made  on  these  four  points 
and  the  results  published,  the  chances  of  success  of  the  gas  tur- 
bine will  be  very  much  shrouded  in  darkness.  It  is  to  be  hoped 
that  this  information  will  be  forthcoming  before  long;  and  it 
will  then  probably  be  known  whether  it  is  worth  while  expending 
money  and  brain  energy  on  the  gas  turbine  problem,  or  whether 
it  would  be  better  to  divert  finances  and  energy  to  more  re- 
munerative channels. 

Whether  or  not  turbines  actuated  by  hot  products  of  combustion 
will  ever  come  into  extensive  use,  the  Author  is  certain  that  tur- 
bines actuated  by  some  elastic  fluid  will  form  a  very  large  per  cent- 
age  of  the  prime  movers  employed  during  the  next  50  ypars.  This 
prophecy  is  made  with  a  good  knowledge  of  the  success  that  has 
been  achieved  with  gas  producers  and  large  reciprocating  gas 
engines — and  with  a  belief  that  the  advantages  of  steam  turbines 
have  often  been  overrated — and  it  is  not  made  from  any  special 
feeling  of  attachment  to  turbines,  but  from  a  careful  weighing  of  the 
advantages  and  disadvantages  of  reciprocating  and  turbine  motors. 

Although  information  on  the  four  points  mentioned  above  is  very 
badly  wanted,  it  is  possible  without  this  information  to  eflFect  im- 
provements on  turbines  actuated  by  an  elastic  fluid,  composed 
wholly  or  largely  of  steam  generated  in  a  boiler.  A  few  suggestions 
as  to  the  lines  on  which  progress  may  possibly  be  made  are  now 
offered, 

1,  Where  condensing  cannot  be  employed,  the  steam  may  be 
superheated  by  mixing  with  it  hot  products  of  combustion  obtained 
by  burning  coal  gas,  natural  gas,  or  producer  gas.  No  great  im- 
provement in  eflSciency  need  be  expected  by  this  scheme  over 
what  is  now  obtained  with  superheated  steam  in  non-condensing 
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turbines,  but  the  initial  cost  and  depreciation  in  the  case  of  a  gas 
producer  will  probably  be  less  than  in  the  case  of  a  superheater  of 
the  ordinary  externally-fired  tube  type ;  and  the  cost  of  fuel  for 
producing  a  given  thermal  value  of  actuating  elastic  fluid  may  also 
be  reduced. 

2.  With  steam  turbines  employed  for  the  propulsion  of  steam- 
ships it  is  common  practice  to  provide  one  high  pressure  turbine 
to  drive  on  to  a  central  shaft,  and  a  pair  of  low  pressure  turbines 
each  driving  on  to  a  wing  shaft.  Beversing  turbines  are  placed 
in  the  l.  p.  turbine  casings.  It  is  suggested  that  it  might  be 
advantageous  to  construct  the  h.p.  turbine  vdth  a  single  stage  of 
expansion,  and  to  arrange  for  steam  being  passed  through  it  in  a 
reverse  direction  when  it  is  desired  to  stop  quickly  or  go  astern,  in 
addition  to  passing  steam  through  the  usual  reversing  turbines  in 
the  ii.p.  casings.  The  advantage  in  quick  stopping  and  reversing 
would  be  that,  not  only  would  an  increased  aggregate  reversing 
torque  probably  be  obtained,  but,  what  is  more  important,  there 
would  be  three  propellers  acting  to  stop  the  vessel  instead  of  only 
two.  It  seems  a  great  pity  when  in  turbine  steamships  a  con- 
siderable aggregate  propeller  area  has  been  obtained  at  a  sacrifice 
of  weight,  cost,  and  turbine  efficiency  that,  one-third — and  in  some 
cases  one-half — of  the  total  propeller  area  should  be  out  of  action 
at  a  time  when  it  may  be  most  urgently  required — say,  to  avoid  a 
collision  in  a  fog. 

In  a  single-stage  h.p.  turbine  the  error  in  areas,  due  to  passing 
the  steam  in  a  reverse  direction  through  the  turbine,  would  not  be 
very  objectionable,  seeing  that  the  turbine  when  reversing  would 
be  passing  only  about  one-third  of  the*  steam  it  passed  when  going 
ahead,  and  the  expansion  of  the  steam  would  take  place  wholly  in 
the  nozzles  before  the  first  moving  buckets  were  reached,  and 
would  be  independent  of  the  areas  through  the  moving  and  fixed 
buckets.  A  branch  pipe  would  have  to  be  arranged  to  take  live 
steam  to  the  exhaust  end  of  the  h.p.  turbine,  where  a  reversing 
set  of  nozzles  would  have  to  be  provided.  These  would  be  small 
matters.     Conduits  would  have  to  convey  the  exhaust  steam  from 
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the  H.p.  casing  to  the  condenser  for  use  when  reversing.  These, 
although  of  considerable  sectional  area,  would  be  short,  as  the 
steam  could  reach  the  condensers  by  way  of  the  exhaust  end  of 
the  L.P.  casings.  Valves  controlling  the  passage  of  steam  through 
these  conduits  would  be  required,  and  a  considerable  amount  of 
force  might  be  required  to  open  these  valves  quickly.  If  a  revers- 
ing engine  were  employed,  however,  the  requisite  force  would  be 
easily  obtained. 

8.  There  seems  to  be  no  insuperable  obstacle  to  the  use  of 
gearing  in  the  driving  of  the  propeller  shaft  or  shafts  of  small 
vessels.  A  direct  drive  is,  of  course,  preferable  mechanically,  but 
a  direct  drive  in  a  small  vessel  of  low  or  moderate  speed  means  an 
expensive  and  not  very  economical  turbine,  and  a  propeller 
having  a  smaller  projected  area  and  a  higher  speed  of  rotation 
than  is  generally  desirable.^  The  use  of  gearing  would  allow  of  a 
small  high-speed  turbine  being  employed  in  conjunction  with  a 
propeller  or  propellers  of  ample  projected  area  rotating  at  a  speed 
not  excessively  high.  The  employment  of  gearing  in  vessels 
driven  by  turbines  would  be  considerably  difiFerent  from  the 
employment  of  gearing  in  vessels  driven  by  reciprocating  engines. 

In  the  case  of  turbines  the  high  speed  of  rotation  of  the  turbine 
spindle  would  allow  of  the  employment  of  fine  teeth  and  small 
tooth  pressures;  and  the  uniformity  of  turning  effort  of  the 
turbine  and  the  great  kinetic  energy  of  its  rotating  parts  would 
tend  to  promote  smooth  running  even  if  the  propeller  occasionally 
left  the  water. 

4.  Condensing  arrangements  are  open  to  improvement.  Steam 
turbines  benefit  much  by  a  good  vacuum,  but  the  cost  of  condensing 
plant  and  condensing  water  are  sometimes  very  great.  In  marine 
steam  turbines  the  question  of  cost  of  condensing  water  disappears, 
but  another  important  factor  is  introduced  in  the  shape  ot  weight 
of  condensing  plant. 

Mr  Parsons  has  lately  increased  the  vacuum  in  the  condensers 
employed  with  some  of  his  turbines,  by  introducing  what  he  terms 
a  vacuum  augmenter.      This  consists  of  a  steam  jet  propelling 
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device  placed  between  the  main  condenser  and  an  auxiliary 
condenser.  This  device  produces  a  considerably  lower  pressure 
in  the  main  condenser  than  exists  at  the  suction  side  of  the  air  pump. 
Further  developments  on  the  lines  inaugurated  by  Mr  Parsons 
may  not  unreasonably  be  expected.  The  subject  which  is  of  a 
somewhat  complex  nature  deserves  very  careful  consideration. 

Discussion. 

Mr  W.  H.  BiDDLEswoBTH,  M.Sc,  (Associate  Member),  asked 
what  Mr  Neilson  meant  by  a  single-stage  turbine,  as  such  an 
expression  seemed  somewhat  indefinite  ?  In  connection  with  the 
marine  steam  turbine  the  Author  suggested  the  use  of  a  high 
pressure  turbine  of  a  single-stage  type,  so  that  by  arranging 
suitable  nozzles  on  the  discharge  side  it  could  be  reversed.  If  by 
a  single-stage  turbine,  one  with  a  single  row  of  moving  blades  was 
understood,  then  the  speed  of  rotation  would  be  of  necessity  high 
and  the  desirable  (for  marine  purposes)  low  speed  of  rotation  would 
be  sacrificed  to  the  idea  of  obtaining  more  astern  power. 

Prof.  A.  Jamieson  (Member)  complimented  Mr  Neilson  upon 
his  interesting  history  of  steam  turbines,  and  upon  the  clear  way 
in  which  he  had  stated  the  prospects  of  gas  turbines  as  well  as 
the  necessity  for  experiments  before  any  decided  opinion  regarding 
their  probable  success  could  be  arrived  at.  Prof.  Jamieson  doubted 
the  propriety  of  Mr  Neilson's  substitution  of  the  term  isentropic 
for  that  of  adiabatic  expansion  in  the  example  he  gave.  Did 
Mr  Neilson  accept  the  definition,  "that  adiabatic  expansion  meant 
doing  work  without  gain  or  loss  of  heat,"  and,  '*  that  isentropic 
expansion  meant  doing  work  without  change  of  entropy  "  ?  Further, 
did  he  consider  that  entropy  meant  simply  the  ratio  of  the  heat 
taken  up  or  rejected  during  a  small  change  in  a  working  fiuid  to 
its  absolute  temperature,  or,  d  <i>  ^  d  H/t  7  If  so,  would  Mr 
Neilson,  in  kis  reply  to  the  discussion,  kindly  furnish  proofs  from 
reliable  tests,  with  actual  turbines,  to  substantiate  his  preference 
for  isentropic  as  distinct  from  adiabatic  expansion.  Mr  Parsons, 
n  his  paper  on  "  The  Steam  Turbine  and  its  application  to  the 
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Propulsion  of  Vessels,"  read  at  the  Summer  Meeting  of  the 
Institution  of  Naval  Architects,  June  26,  1903,  gave  the  consump- 
tion of  steam  in  his  turbine  as  15*8  lbs.  per  K.w.-hour  or  about 
9'8  lbs.  per  i.H.p.-hour,  when  using  steam  at  142  lbs.  per  square 
inch  (by  gauge?)  delivered  to  his  turbine  at  260°  C.  or  614°  P., 
a  superheat  of  162**  F.  Whereas,  in  the  combined  paper  read 
by  Mr  Parsons  and  Mr  Stoney  before  **The  Institution  of  Civil 
Engineers,*'  London,  last  month,  the  Authors'  lovvest  consumption 
of  steam  was  given  as  14*74  lbs.  per  K.w.-hour  for  a  3000  k.w. 
turbine,  using  steam  at  138  lbs.  per  square  inch  (by  gauge?)  and 
686"  F.  or  a  superheat  of  236°  F.,  with  a  27-inch  vacuum.  Now, 
using  the  same  estimated  combined  efficiency  of  83  per  cent,  for 
dynamo  and  turbine  as  in  the  previous  case,  and  1  K.w.-hour  as 
1-34  H.p.-hour,  then — 

1-34  (H.p.-hour)  :  1  (H.p.-hour)  : :  14-74  lbs.  :  a: lbs, 
100  per  cent.       :  83  per  cent. 
,\x  =  913  lbs.  steam  per  i,H,p.-hour, 
This  is  an  improvement  of  6  8  per  cent,  in  the  economy  of  steam 
over  the  previous  case,  and  27  per  cent,  gain  upon  the  results 
obtained  by  Messrs  Lindley,  Schroter,  and  Weber  in  their  tests 
of  a  1000  K.w.  Parsons  Steam  Turbo- Alternator  for  the  City  of 
Elberfeld,  in  1900,  when  they  got  20*  16  lbs,  steam  consumption 
per  K.w.-hour  with   ordinary   steam    of    150    lbs.   pressure    per 
square  inch  and  a  27-inch  vacuum.      This  showed  a  very  great 
improvement  in   the  economy  of  steam  with  a  larger  turbine, 
greater  superheat  but  practically  the  same  vacuum,  although  an 
increase  from  27  to  28  inches  vacuum  was  known  to  produce  an 
economy  of  4J  per  cent,  in  the  steam  used  by  the  turbine  alone. 
The  following  questions  naturally  arose  from  the  above  data  and 
from   other  published  results — (1)   Were  the  pounds  of  steam 
requii-ed  to  work  the  air  and  circulating  pumps  and  the  vacuum 
augmenter    included?       (2)    When    turbines    and    reciprocating 
engines  of  the  same  power  were  compared,  did  Mr  Neilson  con- 
sider that  the  estimated  i.h.p.  of  the  former  could  be  fairly  ranged 
alongside  the  actual  indicated  h.p.  derived  from  the  latter,  more 
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especially  when  the  steam  used  for  air  and  circulating  and  feed 
pumps  were  all  taken  into  account  in  complete  trials  of  reciprocat- 
uig  marine  and  land  engines  ?  (3)  These  two  questions  naturally 
evoked  another.  What  reliance  could  be  placed  upon  the  per- 
centage exactitude  of  torsion-meters  or  dynamometers  for 
estimating  the  shaft  horse  power  of  marine  and  land  turbines? 
Mr  Parsons  now  claimed,  that  steam  travelled  at  a  moderate 
velocity  through  his  turbine  and  flowed  through  each  ring  of 
blades  approximately  as  an  incompressible  fluid.  But,  when 
viewed  over  the  whole  range  of  the  turbine,  the  expansion  of 
the  steam  was  governed  by  the  usual  adiabatic  laws  of  steam, 
and  from  70  to  80  per  cent,  of  its  energy  was  transformed  into 
useful  mechanical  work.  This  most  assuredly  meant  that  the 
efficiency  was  from  70  to  80  per  cent.,  or,  that  from  70  to  80  per 
cent,  of  the  heat  energy  of  the  steam  which  passed  through  his 
turbine  re-appeared  as  useful  work  in  the  turbine  shaft,  and  was 
there  available  for  driving  dynamos  or  screw  propellers  or  any 
other  suitable  appliance  to  which  his  turbine  might  be  coupled. 
Now,  take  his  best  published  results,  for  a  3000  e.w.  turbine 
driving  a  dynamo,  which  used  only  14*74  lbs.  of  steam  per  k.w.- 
hour,  as  supplied  to  it  at  138  lbs.  pressure  per  square  inch  (by 
gauge?)  but  superheated  to  235""  F.  and  with  only  a  27-inch 
vacuum.  No  record  was  given  of  the  efficiency  of  the  dynamo, 
but  it  would  be  perfectly  fair  to  assume  that,  it  gave  92  per  cent, 
as  the  ratio  of  the  k.w.  got  out,  to  the  K.w.  spent  on  its  shaft  to 
dhve  it;  and,  that  1  k.w.  was  equal  to  1*34  h.p.  If  a  lower 
dynamo  efficiency  were  assumed  at  full  load,  then  the  turbine 
would  appear  to  be  still  more  efficient,  since  it  would  show  a  still 
less  consumption  of  steam  per  b.h.p.  or  per  shaft  horse  power  than 
the  following  proportion.  But  well-designed  and  constructed 
dynamos  of  3000  k.w.  output  at  full  load,  gave  as  a  rule  quite 
92  per  cent,  electro-mechanical  efficiency  in  the  sense  here  applied 
to  the  case  in  question — 

Hence,  as,  1*34  h.p.  :  1  h.p.  : :  14*74  lbs.  steam  :  x  lbs.  steam. 
100%        :92% 
.*.  X       «  10'12  lbs.  of  steam  per  b.h.p. -hour. 
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The  method  of  calculating  the  heat  required  per  minute  by  The 
Institution  of  Civil  Engineers'  Standard  of  Comparison  per  h.p. 
might  have  been  adopted,  but  its  formula  for  an  engine  using 
superheated  steam  was* — **The  B.Th.  U.  per  minute  per  h.p.  for 
the  Standard  Engine  of  Comparison,  with  superheated  steam  '*  = 


42 


A{ha  +  T.  -  T,  -h  0'48(T.,-T)} 

(T«  -T,)|l  +  ^Uo-48(T„.-Ta)-T,  (hyp.log.^  +  0-48hyp.log^') 

Where  T^  is  absolute  temperature  of  saturated  steam  at  stop-valve 

pressure. 

„       Toj,,,         ,,  ,,  of  superheated  steam  at  stop- 

valve. 

„       T,  ,,         ,,  ,,  in  exhaust. 

,,       La  II  latent  heat  of  steam  at  temperature  T^. 

,1     0*48  M  the  specific  heat  of  superheated  steam. 

This  appeared  a  rather  formidable  and  complex  formula  to  tackle 
and  one  might  naturally  question  the  correctness  of  the  final 
result  arrived  at  ?  Whereas,  the  following  was  a  much  simpler 
expression  which  he  submitted  for  critical  examination,  as  he 
believed  that  it  included  all  the  requisite  factors  of  the  Institution 
of  Civil  Engineers'  formula,  when  used  in  conjunction  with  the 
temperature  entropy  or  heat  energy  chart  as  herewith  applied — 

B.H.P.  Efficiency  v  =  ^^Q^k  got  out  at  turbme  shaft 
^         Heat  energy  used  by  turbine 

O  —  Heat  units  equivalent  to  one  b.h.p. 

*  ~"  (Heat  put  in  per  lb.  — heat  rejected  at  exhaust 

per  lb.)  X  lbs.  steam  per  b.h.p. -minute. 

_       33,000  foot  lbs,  per  minute 
J  (H  -  /i)  W,  foot  per  lbs.  minute' 

*  See  Minutes  of  Proceedings,  Inst.  C.E.,  Volrf.  CXXX.V.,  p.  294,  and 
CL.,  p.  218,  «/  teq,  for  1902-03. 
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Where,       J  =  Joule's  equivalent  (778  foot  lbs.  of  work  per  B.Th.U.) 
„  H  =  Heat  units  per  lb.  of  steam  supplied  per  minute  to 

turbine  at  stop-valve. 
,,  h  =  Heat  units  per  lb.  of  exhaust  (wet)  steam   per 

minute. 

„         W,  =  Weight  of  steam  passed  into  turbine  per  minut& 
per  B.H.p. 

33,000  =  Number  of  foot  lbs.  of  work  per  minnte  per  b.h.p.  or 
shaft-horse  power. 

By  gauge,  138  lbs.  steam  pressure  =  (138  +  15)  or  153  lbs.  absolute. 
From  any  good  table  on  the  properties  of  saturated  steam,  it  could 
be  seen  that  each  pound  weight  of  such  steam  contained  1191*68 
B.  Th.  XJ.  Further,  each  lb.  of  this  steam  was  superheated  to  235 
degrees  F.,  therefore  the  additional  heat  units  per  lb.  due  to  this 
superheat  was — 

B.Th.U.  of  superhe^it  =  Weight  of  steam  x  degrees  rise  x  specific 

heat  of  steam. 
Or,  B.Th.U.       „         =  1  X  235-  F.  x  -48. 
=  112-8. 
/.  H  =  (1191-68  +  112-8)  =-  1304-48  B.  Th.  U. 

From  the  accompanying  T<f>  or  temperature  entropy  diagram. 
Fig.  29,  which  he  had  drawn  to  scale  for  the  turbine  in  question, 
as  well  as  from  calculations  and  from  good  entropy  tables,  he  found 
that,  VTith  superheated  steam  admitted  to  the  turbine,  as  previously 
stated,  the  condition  of  the  exhaust  was  wet  steam  of  85  per  cent, 
dryness  fraction.  In  other  words  15  per  cent,  had  become  con- 
densed, and  was  at  a  27-inch  vacuum,  or  gave  1}  lbs.  absolute 
back  pressure  at  a  temperature  of  114  degrees  F.  (or  82  degrees 
above  32  degrees  F.)    Consequently— 

Dry  saturated  steam. 
Dry  aatuiated  steam.    Dry  aatnrated  steam.    B.Th.U.  per  lb.    B.  Th.  U.  for '86  lb. 

As,       lib.       :       -85  lbs.       ::       1117-3       :       949-7 

Uqnifled  steam. 


Idquifled  steam.       Liquified  steam.  B.Th.U.  per  lb.   B.  Th.  U.  for '151b. 

And  as,       1  lb.       :        15  lbs.       : :  82  :         123 
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Hence,  the  total  heat  per  lb.  of  wet  exhaust  steam  was — 
(949-7  +  12-3)  B.  Th.  U.,  or,  h  =  962  B.  Th.  U. 
The  weight  of  steam  used  per  hour  per  b.h.p.  was  found  to  be  ] 0*1 2 
lbs.,  or,  W,  =  10- 12/60  lbs.  per  minute.     By  substituting  for  the 
symbols  the  previously  ascertained  values  in  the  equation — 

33,000 
"^      J(H-A)W/ 

rru  33,000 

Then,         .;  =  1 — ^  =  ^74, 

778  (1304-48  -  962)  i^ 
60 

Or,  the  efficiency  of  that  particular  turbine  was  74  per  cent,  by 
this  formula  and  calculation.  Mr  Parsons  was  to  be  congratulated 
upon  this  high  efficiency ;  but,  observe,  that  no  steam  was  reckoned 
herein,  for  production  of  the  vacuum,  and  as  might  be  the 
case  —  for  instance,  at  the  Westinghouse  Company's  plant  at 
Yoker — for  the  engine  to  work  the  exciter  dynamo  to  produce  the 
field  magnetism  for  the  alternating  current  dynamo.  Would  6  per 
cent,  additional  steam  be  a  fair  allowance  per  B.H.p.-hour  for  the 
whole  of  the  auxiliary  plant,  when  the  cooling  water  had  to  be 
forced  through  the  condenser  tubes  at  such  a  great  velocity  to 
produce  such  a  high  vacuum  as  was  desired  for  the  efficient 
working  of  steam  turbines?  All  those  interested  in  the  highly 
speculative  question  of  gas  turbines  would  do  well  to  study 
most  carefully,  not  only  Mr  Neilson's  excellent  and  instructive 
suggestions,  but  also  Mr  Dugald  Clerk's  Presidential  Lecture  to 
The  Junior  Institution  of  Engineers  on  **The  Problem  of  the  Gas 
Turbine,"  delivered  on  3rd  November,  1905.  Mr  Clerk  said, 
**  Only  one  gas  turbine  had  really  rotated  within  his  own  direct 
knowledge  .  .  .  with  a  total  brake- horse  power  equal  to  that 
evolved  by  two  blue-bottle  flies ! " 

Mr  John  Eiekie  (Member)  said  that  Mr  Neilson^s  paper  on 
the  turbine  was  very  interesting  both  from  a  historical  and 
a  practical  point  of  view.  The  Author  dealt  in  a  very  clear 
manner,  not  only  with   the  losses  brought  about  by  frictional 
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eddies  which  took  place  in  this  type  of  engine,  but  also  with 
the  acknowledged  losses  due  to  cylinder  condensation  and 
leakage  past  slide  valves  which  occurred  in  the  reciprocating 
engine.  Ke  had  had  no  practical  experience  with  the  turbine 
engine  and  could  therefore  ofifer  no  suggestion  as  to  the 
possibility  of  minimising  the  losses  from  frictional  eddies.  He 
had  had,  however,  an  extensive  experience  with  the  reciprocating 
type  of  engine  and  could  testify  to  the  practicability  of  making 
a  very  substantial  reduction  in  its  present  losses.  Mr  Neilson 
stated  that  practical  considerations  prevented  one  from  designing 
a  reciprocating  engine  so  that  the  steam  could  be  carried 
down  to  the  condenser  pressure.  On  that  point  he  did  not 
quite  agree  with  him  and  believed  that  the  ratio  of  high  t6 
low  pressure  cylinder  area  could  be  so  arranged  that  the 
number  of  expansions  could  be  considerably  increased  without 
increasing  the  area  of  the  low  pressure  cylinder.  Moreover, 
even  from  the  use  of  higher  steam  pressures  and  from  the 
use  of  steam  of  high  superheat  it  would  still  be  practicable  to 
expand  the  steam  down  to  atmospheric  pressure  before  final 
exhaust  took  place.  The  waste  of  steam  due  to  cylinder  con- 
densation could  be  reduced  to  a  minimum  by  superheating  it 
to  700  degrees  or  even  800  degrees  F.  The  excessive  waste 
from  valve  leakage  could  be  overcome  by  abolishing  the  use 
of  all  forms  of  slide  valves  and  using  tappet  valves  only.  The 
proposed  cylinder  ratio  referred  to  had  been  successfully  tried 
on  engines.  The  use  of  highly  superheated  steam,  ranging 
from  700  degrees  to  800  degrees  F.,  with  tappet  valves,  was 
in  daily  use  on  steam  motor  cars.  It  only  remained  for  the 
combination  to  be  tried  on  an  engine,  no  matter  whether 
large  or  small,  to  demonstrate  that  a  turbine  engine  of  equal 
power,  as  now  designed,  could  not  live  in  competition  with  it. 
Mr  Neilson  also  alluded  to  the  use  of  gearing  to  assist  the 
turbine  engine,  but  it  was  needless  to  point  out  that  gearing 
which  was  a  source  of  loss  was  not  required  with  the  recipro- 
cating engine. 
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Mr  W.  B.  Sayers  (Member)  remarked  that  he  had  been  experi- 
menting for  the  last  18  months  on  a  method  of  driving  turbines 
by  means  of  a  heavier  liquid  driven  by  steam  and  also  by  gas 
explosion,  but  having  said  so  much  he  was  not  at  liberty  to  enter 
further  on  that  subject.  He  had  had  to  stop  his  experiments  in 
the  meantime  for  financial  reasons,  but  recently  he  had  been 
^ving  attention  to  a  turbine  to  be  driven  by  an  elastic  fluid,  and 
he  would  like  to  say  a  few  words  about  such  turbines.  He  had  placed 
on  the  blackboard  a  few  figures  which  represented  some  elementary 
^considerations.  Before  he  spoke  about  these  he  would  say  that 
Mr  Neilson  described  rather  minutely  the  turbine  invented  by  Mr 
Morton.  Criticising  that  design,  with  the  view  of  seeing  what 
might  be  the  cause,  or  causes,  of  too  low  an  efficiency  to  be  of 
practical  value,  he  noticed  one  point  in  particular,  and  that  was 
that  the  nozzles,  which  were  represented  by  little  narrow  slits 
through  the  rims,  in  Figs.  24  and  25,  seemed  to  be  of  wrong 
form.  They  were  divergent  nozzles,  whereas  they  ought  to  be 
convergent  nozzles.  Another  point  about  Morton's  turbine  was 
that  there  were  a  number  of  discs,  one  inside  of  the  other,  and 
these  were  rotated  at  a  high  velocity  in  the  dense  steam,  the  density 
diminishing,  of  course,  towards  the  exhaust  end,  but  there  would 
be  considerable  friction  between  these  discs  and  the  steam.  To 
go  a  little  further  on  the  question  of  convergent  and  divergent 
nozzles,  he  noticed  the  statement  by  Mr  Neilson  that  the  different 
types  of  turbines  showed  a  tendency  to  draw  towards  one  another. 
He  supposed  he  referred  to  the  fact  that  Westinghouse  used 
divergent  nozzles  on  Parsons'  blades ;  Curtis  used  divergent 
nozzles  on  blades  which  were  somewhat  like  Parsons' ;  de  Laval 
and  Stumpf,  on  the  other  hand,  used  convergent-divergent 
nozzles;  but  Stumpf,  instead  of  using  steam  only  once  on  the 
turbine  wheel  as  did  de  Laval,  provided  guides  to  catch  the  steam 
off  the  buckets,  and  returned  it  through  them  a  second  time,  or 
directed  it  into  another  set  of  buckets.  Now,  if  one  considered  the 
essential  thing  that  happened  in  any  turbine,  he  would  find  that 
the  steam  had  to  expand  as  it  passed  on  through  the  turbine  in 
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order  to  give  up  its  energy.  In  de  Laval's  turbine  it  expanded 
down  to  its  lowest  pressure  right  away,  appearing  at  the  discharge 
end  of  the  nozzle  as  kinetic  energy,  and  there  was  simply  one 
velocity  stage,  or  two  velocity  stages,  or  more.  The  matter  was 
much  more  complicated  in  the  Parsons  or  Curtis  form  of  turbine. 
What  he  wanted  to  elucidate — he  was  striving  himself  to  get  a 
•clear  mental  picture  of  what  happened — was  just  how  much  of 
the  several  possible  actions  took  place,  and  what  sort  of  attention 
ought  to  be  given  to  them.  Referring  now  to  the  question  of 
convergent  and  divergent  nozzles,  Rateau,  in  his  book  **0n  the 
Flow  of  Steam,"  showed  that  the  proper  form  of  nozzle  depended 

pi 
upon  the  ratio  ^  .  where  P  was  the  pressure  at  the  inlet,  and  P^  the 

Pi 
pressure  at  the  outlet  end.     If  the  ratio  -p  were  greater  than  0-68, 

the  nozzle  should  be  convergent,  but  if  less  than  this  value,  the 
nozzle  should  first  converge  to  a  *' throat"  (the  sectional  area  of 
which  determined  the  quantity  of  steam  which  would  pass  with 
a  given  initial  pressure)  and  afterwards  diverge.  Fig.  30, 
Further,  with  a  given  initial  pressure,  the  pressure  and  velocity  at 
the  discharge  ends  of  the  nozzle  depended  upon  the  ratio  of  the 
areas  of  the  inlet  and  discharge  ends  of  the  nozzle,  and  was  inde- 
pendent of  the  pressure  in  the  exhaust  chamber  so  long  as  the  latter 
did  not  exceed  the  pressure  corresponding  to  the  area  of  the  dis- 
charge by  more  than  a  definite  amount.  That  amount  was  the 
pressure  equivalent  to  the  kinetic  energy  of  the  steam,  and  was  equal 
to  yhn.  The  point  to  grasp  was  the  vital  importance  in  elastic  fluid 
turbine  design  of  the  correct  proportioning  of  the  nozzles  or  pas- 
sage ways  between  blades,  etc.,  to  correspond  with  the  law  of  flow 
of  the  expanding  fluid.  So  much  had  been  said,  and  rightly  as 
regards  the  importance  of  good  vacuum,  that  the  above  might,  at 
first  sight,  seem  contradictory  to  experience,  but  unless  the  pas- 
sage ways  or  nozzles  have  an  area  of  not  less  than  that  corres- 
ponding to  the  back  pressure  in  the  exhaust,  reduction  of  this 
pressure   would  have   no   appreciable    effect  in   increasing    the 
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velocity  of  flow  of  the  steam  in  the  turbine.  The  effect  of 
reducing  the  pressure  in  the  exhaust,  if  the  area  of  the  discharge 
ends  of  the  passage  ways  or  nozzles  were  too  small,  was  that  the 
steam  on  entering  the  exhaust  chamber  being  freed  from  lateral 
constraint  expanded  in  a  direction  at  right  angles  to  the  direction 
of  flow,  deflecting  and  accelerating  the  flying  particles  uselessly. 
In  other  words,  there  was  no  appreciable  increase  of  expansion 
and  consequent  acceleration  due  to  lowering  the  exhaust  pressure 
until  the  exhaust  chamber  was  actually  reached,  unless  the  area 
of  the  discharge  ends  of  the  passage  ways  or  nozzles  was  suffi- 
ciently great.  All  this  became  clear  when  once  one  realized  the 
fundamental  conception  of  the  pressure  of  the  elastic  fluid 
being  balanced  only  against  the  inertia  of  its  own  mass,  and 
entirely  absorbed  in  producing  acceleration  of  its  own  particles,, 
instead  of  being  balanced  against  another  resisting  body,  the 
resistance  of  which  depended  partly  upon  the  back  pressure,  as 
in  a  piston  engine.  In  a  multiple  stage  turbine  the  steam  was 
being  retarded  while  passing  through  each  set  of  moving  blades,, 
and  was  accelerated  by  its  own  expansion  and  redirected  while 
passing  through  the  fixed  guides.  Or,  if  there  were  only  "velocity  ^ 
stages,  then  the  steam  would  be  retarded, .when  passing  through 
each  set  of  moving  blades,  and  would  be  redirected  when  passing 
through  each  set  of  guides.  This  was  only  a  very  partial  state* 
ment  of  the  laws  affecting  the  flow  of  steam  through  turbines. 
Parsons'  turbine  required,  for  the  most  advantageous  condition, 
convergent  nozzles  or  passage  ways,  and  on  inspection.  Fig.  32, 
it  would  be  seen  that  the  fixed  and  moving  blades  in  a  Parsons 
turbine  form  between  them  converging  passage  ways.  On  the 
other  hand,  turbines  using  one  or  more  ** velocity  stages**  would 

generally  have  a  greater  drop  of  pressure  between  the  two  ends  of 

pi 
the  nozzles  than  was  represented  by  ■—  =  058,  and  nozzles  or 

passage  ways  should  therefore  be  convergent-divergent.  Eeferring- 
again  to  Mr  Morton's  turbine,  Fig.  23,  as  there  were  five  stages,  it 
was  clear  that  the  ratio  of  the  pressures  across  any  one  stage  would 
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always  be  greater  than  0*58,  and  consequently  the  nozzles  should 
have  been  convergent,  instead  of  divergent,  as  shown  in  the  figure. 
It  did  not  necessarily  follow,  of  course,  that  the  correcting  of  this 
point  would  have  lifted  the  turbine  from  failure  to  success.  The 
general  design  was  probably  hopeless,  but  if  the  turbine  had  been 
provided  with  three  or  four  times  the  number  of  passages  or  nozzles, 
and  other  parts  modified  to  pass  a  greater  quantity  of  steam  and 
develop  a  larger  power,  it  would  probably  have  come  much  nearer 
success.  Passing  now  to  the  consideration  of  the  problem  of 
designing  a  turbine  of  the  Parsons  type.  If,  in  Mg.  31 ,  A  represented 
the  area  taken  at  right  angles  to  the  axis  of  the  annulus,  in  which 
a  gang  of  rings  of  blades  of  the  same  length  were  fixed,  then 
expansion  of  the  steam  occurred  during  its  passage  from  one  end 
to  the  other  of  this  annulus,  and  therefore  a  greater  volume  must 
pass  at  the  outlet  end  of  this  annulus  than  at  the  inlet.  This  was 
possible  in  three  different  ways,  and  in  combinations  of  two  or  all 
of  these  three  ways : — 

1.  By  acceleration  occurring    during   the  flow  along    the 

annulus  so  that  the  velocity  was  greater  at  the  exit 
end  than  at  the  inlet. 

2.  By  the  effective  area  being   made  to  increase  towards 

the  outlet  end  by  reducing  the  thickness  of  the 
blades. 

3.  By  the  effective  area  being  made  to  increase  toward  the 

outlet  end  by  reduction  of  the  amplitude  of  curvature 
of  the  blades,  thus  reducing  the  obliquity  of  flow  of 
the  steam  round  the  cylinder,  Fig.  33. 

Note, — In  practice  2  and  3  went  together,  one  involved  the  other. 
Examination  of  these  three  points  showed  that  when  a  number 
of  rows  of  blades  were  made  identical,  as  they  were  in  practice, 
for  convenience  in  manufacture,  expansion  of  the  steam  passing 
through  such  uniform  rows  of  blades  must  be  accompanied  by 
acceleration  of  the  flow  of  steam,  because  2  and  3  both  required 
non-uniformity  of  the  blades.    It  therefore  appeared  that  the  ratio 
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v^ 

y  referred  to  in  Mr  Speakman's  recent  paper  (where  Yi  was  the 

mean  speed  of  the  turbine  blades  and  Ys  the  steam  speed)  could 

not  be  constant  through  a  succession  of  uniform  rows  of  blades. 

Next  it  appeared  that  if  the  increased  area  of  the  anuulus  A, 

corresponding  to  the  increase  in  volume  of   the  steam  due  to 

expansion,   were  obtained   entirely   by   thinning    of    the    blades 

Yt 
towards  the  outlet  end,  the  ratio  —  might  be  kept  approximately 

constant.  Again,  if  increase  of  area  were  obtained  by  reduction 
of  the  obliquity  of  flow,  ~_  could  not  remain  constant,  for  con- 
sideration of  Mr  Speakman's  velocity  diagrams,  Plate  II.,  showed 
that  the  relative  velocities  of  steam  and  bladesfor  a  given  blade 
speed  was  directly  connected  with  the  angle  of  obliquity  of 
the  flow.  The  magnitude  of  the  eft'ect  of  varying  the  angle 
of  obliquity  of  flow  was  great,  being  proportional  to  the 
cosine  of  the  angle  of  obliquity  to  the  axis.  Referring  to  Pig.  31, 
if  the  flrst  row  of  blades  deflected  the  steam  stream  to  an  angle  of 
68  degrees  with  the  axis,  the  effective  area  of  the  annulus  A  to 
the  flow  of  steam  would  be  A  cos  68  degrees  or  0*37  of  the  area 
of  the  annulus  A  taken  at  right  angles  to  the  axis.  If  succeeding 
rows  of  blades  deflected  the  steam  to  diminishing  angles  of 
obliquity  until  the  last  row  deflected  it  to  30  degrees  only, 
the  effective  area  would  have  increased  from  0-37  A  to  0*86  A, 

O'ftfi 
or,  the  increase  of  effective  area  would  be   _-^^^  =  as   2*3  to   1. 

He  was  endeavouring  to  give  the  mental  picture  which  he  had 
in  his  own  mind,  of  the  conditions  of  the  problem  of  design 
in  a  Parsons  turbine  and  also  of  the  action  of  the  steam  stream 
through  the  blades,  and  to  make  this  more  complete  he  would 
say  that  if  the  turbine  shaft  were  fixed  so  as  to  prevent  it  from 
revolving,  the  steam  would  take  an  undulating  or  zig-zag  course 
through  the  turbine,  and  if  the  fixed  and  moving  blades  were 
identical  the  undulations  would  be  equally  above  and  below  a 
line  parallel  with  the  axis.      vVhen  the  turbine  was  allowed  to 
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revolve  the  effect  of  the  motion  of  the  blades  was  to  tend  to 
straighten  out  or  diminish  the  amplitude  of  the  undulations  on 
one  side  only  of  the  axial  line,  that  was  those  caused  by  the 
moving  blades,  with  the  result  that  as  the  speed  increased 
the  stream  fell  more  and  more  away  from  parallelism  and  took 
a  helical  course  around  the  drum,  Figs.  38  and  34.  From  published 
drawings  of  Bateau's  turbine,  it  would  be  seen  that  convergent 
nozzles  were  used,  and  also  that  there  were  a  considerable  number 
of  discs  which  revolved  in  separate  cells  filled  with  steam  starting 
at  high  density  and  diminishing  towards  the  exhaust.  It  would 
be  interesting  to  have  definite  information  about  the  efficiency  of 
Bateau  turbines,  and  especially  to  know  what  percentage  of  the 
losses  was  due  to  the  friction  of  the  discs  in  the  dense  fluid.  He 
did  not  know  whether  there  were  any  figures  available  as  to  the 
efficiency  of  this  turbine  as  compared  with  Parsons'  turbine.  It 
followed,  he  thought,  from  the  considerations  he  had  put  forward, 
that  they  might  have  the  steam  accelerating  as  it  passed  through 
the  buckets,  and  consequently,  that  in  addition  to  **  pressure  *'  and 
"velocity"  stages  there  might  be  ^*  acceleration"  stages,  but  this 
last  was  a  stage  or  condition  to  be  avoided. 

Mr  Edwin  Griffith  (Member)  said  the  remarks  made  about  the 
velocity  of  steam  through  one  stage  of  a  Parsons  turbine  by  Mr 
Sayers  were  quite  in  order,  and,  as  those  who  dealt  with  the  Par- 
sons' turbine  knew,  the  last  stage  of  that  turbine  had  blades  set  at  a 
different  angle  towards  the  exhaust  end.  Strictly  speaking,  the 
blades  in  every  stage  ought  to  be  changed  in  angle,  but  the  differ- 
ence in  efficiency  did  not  justify  the  practical  objections  involve<J. 
At  the  exhaust  end,  where  the  volume  increased  very  rapidly,  it 
would  be  necessary  to  have  the  blades  of  an  abnormal  length  to 
give  the  proper  volume  with  the  normal  angling.  With  reference 
to  the  Bateau  turbine,  there  was  some  published  information  on 
that  point.  Mr  Yarrow  had  tried  a  torpedo  boat  with  the  Bateau 
turbine  and  another  with  the  Parsons  turbine,  and  he  thought  the 
results  of  the  trials  had  been  published ;  at  any  rate,  Mr  Yarrow 
had  told  him  that  the  results  were  practically  the  same  in  both 
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cases.  The  amouDt  of  ooal  used  was  about  the  same,  and  so  was 
the  speed.  Reference  was  made  in  the  paper  to  the  astern  power» 
and  it  was  suggested  that  the  h.p.  might  be  made  a  single  stage 
turbine  with  provision  for  passing  the  steam  in  the  opposite  direc- 
tion. It  seemed  to  him  that  that  would  involve  a  reduction  of  the 
power  of  the  h.p.  shaft  very  considerably  in  going  ahead,  and  if 
the  centre  turbine  was  single  stage  the  bulk  of  the  expansion 
would  need  to  take  place  on  the  wing  turbines,  so  that  there 
would  be  an  equal  ratio  of  power  between  the  three  shafts,  to 
meet  which  it  would  be  necessary  to  reduce  the  centre  screw,  pro- 
bably to  an  undesirable  small  dimension.  For  that  reason  he  did 
not  think  very  highly  of  the  suggestion.  Some  of  the  other  means 
adopted  to  get  additional  astern  power  were  more  practical,  such 
as  increasing  the  power  of  the  astern  turbines  on  the  two  wing^ 
shafts,  which  had  been  done  in  almost  every  recent  installation. 
The  Admiralty  were  adopting  astern  turbines  on  every  shaft,  and 
meeting  the  trouble  in  that  way.  He  thought  it  might  be  worth 
trying  another  type  of  turbine  for  working  astern  in  conjunction 
with  a  Parsons  turbine  for  working  ahead— some  type  that  did  not 
take  up  so  much  fore  and  aft  space.  He  did  not  think  the 
Bateau  turbine  was  such  a  long  turbine  as  the  Parsons,  and  the 
Curtis  turbine  was  shorter  still. 

Mr  Sayebs — ^Was  it  not  the  case  that  the  Curtis  turbine  had  a 
higher  speed  in  proportion  to  its  shortness? 

Mr  Gbiffith  was  not  familiar  enough  with  the  Curtis  turbine 
to  answer  that  question  definitely ;  it  depended  upon  the  number 
of  stages.  There  did  not  seem  to  be  any  inherent  reason  why  it 
should  not  have  a  greater  number  of  stages  than  at  present,  and 
when  used  for  the  astern  power  it  would  not  be  a  very  serious, 
thing  to  put  up  with  a  loss  of  efficiency  as  was  done  with  Parsons' 
astern  turbines.  He  suggested  that  those  who  were  using  Parsons" 
turbine  for  ahead  work  might  learn  something  of  the  other  types 
by  using  them  for  astern  work.  Mr  Neilson  had  said  that  the 
turbine  was  inherently  irreversible.  The  Parsons  turbine  was 
inherently  irreversible,  but  the  turbine,  as  such,  was  not  neces-^ 
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sarily  so.  As  a  matter  of  fact,  some  years  ago,  he  himself  had 
experimented  with  a  turbine  that  was  reversible.  He  reversed  it 
when  going  3,000  or  4,000  revolutions  ahead  to  practically  the 
same  speed  astern  in  about  six  seconds,  and  that  reversibility  was 
obtained  without  sacrificing  the  ahead  efficiency  at  all,  so  that  he 
did  not  agree  with  such  a  sweeping  statement  as  that  the  turbine 
was  inherently  irreversible.  He  thought  that  turbine  experts 
might  direct  their  attention  towards  obtaining  a  satisfactory 
reversible  turbine.  The  one  he  referred  to  was  perfectly  satis- 
factory in  that  respect.  He  would  not  advise  Mr  Neilson  to  put 
any  money  on  the  idea  of  geared  shafts.  Even  if  the  proposal 
was  reasonable  he  would  not  get  marine  engineers  to  listen  to  him. 
Mr  Neilson  also  said,  "  In  marine  steam  turbines  the  cost  of  con- 
densing water  disappears,  but  another  important  factor  is  intro- 
duced in  the  shape  of  weight  of  condensing  plant."  He  did  not 
think  the  weight  of  condensing  plant  was  an  important  factor 
considering  its  great  efficiency  value  in  turbine  installations. 
There  need  not  be  in  condensing  plant  any  appreciable  addition 
in  weight  if  it  were  made  efficient.  It  was  getting  to  be  well 
known  that  the  condensing  plant  was  most  inefficient  on  board 
ship  in  reciprocating  practice,  and  he  knew,  as  a  matter  of  fact, 
that  in  the  Durham  College  engine  at  Newcastle,  a  new  type  of 
condenser  had  been  tried,  and  that  a  much  better  vacuum 
obtained  with  less  than  half  the  usual  cooling  surface  ratio. 
Prof.  Weighton  was  now  preparing  a  paper  giving  a  full  account 
of  his  experiments,  and  all  those  who  had  been  connected  with 
turbine  work  were  thoroughly  aware  of  the  low  efficiency  of  the 
average  condensing  plant  on  board  ship.  The  importance  of  it  in 
turbine  work  had  directed  a  great  deal  of  attention  to  the  subject, 
and  the  addition  in  weight  that  might  be  involevd  with  an  efficient 
plant,  was  of  small  consequence,  compared  with  the  saving  in  coal 
with  turbine  machinery.  He  thought  the  Members  of  the  Institu- 
tion were  highly  indebted  to  Mr  Neilson  for  bringing  his  valuable 
paper  to  their  notice. 


1*34  THE  EVOLUTION  AND  PROSPECTS  OF 

*    .  Correspondence. 

Professor  Bobebt  H.  Smith  considered  that  the  history  of 
the  steam  turbine  had  been  very  completely  and  ably  dealt  with 
in  W.  Gentsch's  "  Dampfturbinen,"  1905;  and  that  in 
addition  to  the  splendid  1905  edition  of  Dr.  A.  Stodola's 
**Die  Dampfturbinen,"  there  had  also  been  more  recently 
published  an  excellent  treatise  by  W.  H.  Eyermann  also  entitled 
*'Die  Damfpturbinen,"  and  dated  1906.  The  approximation  now 
taking  place  among  the  designs  of  several  firms  of  builders  and 
mentioned  by  Mr.  Neilson  was  very  interesting.  For  some  time 
he  had  been  convinced  of  the  desirability  of  lessening  the  number 
of  stages  from  that  found  at  the  end  of  the  scale.  He  had  been 
told  of  a  new  theory  by  Prof,  Banki,  of  Buda-Pesth,  which  fixed 
a  definite  number  of  stages  as  the  most  economical  number  for 
each  prescribed  combination  of  peripheral  speed  and  horse  power. 
It  must  evidently  consist  in  a  minimum  balancing  of  frictional 
losses  and  exhaust  kinetic  energy  losses.  Mr  Neilson  did  not 
mention  leakage  as  one  source  of  loss  in  turbines,  but  in  most 
forms  its  amount  must  be  very  considerable.  The  kinetic  energy 
of  the  steam  that  leaked  through  the  clearance  between  wheel  and 
casing  must  be  wholly  lost.  Mr  Neilson's  law  of  friction  and  eddy 
loss  in  turbines  might  be  more  simple,  and  therefore  more  easily 
intelligibly  expressed  by  saying  that  the  driving  force  so  lost  was 
proportional  to  the  square  of  the  product  of  diameter  by  linear 
speed.  It  seemed  questionable  whether  any  large  proportion  of 
the  eddy  kinetic  energy  was  reconverted  into  heat  within  the  limits 
of  the  working  parts  of  the  turbine,  and  what  was  so  reconverted 
must  in  some  material  ratio  go  into  the  iron  and  not  go  to  reheat- 
ing the  steam.  As  to  the  gas  turbine  discussion,  in  his  opinion 
the  greatest  difficulty  lay  in  the  burning  of  the  guides  and  blades, 
or  their  distortion  through  overheating.  The  attempt  to  avoid  this 
difficulty  by  expansion- cooling  before  the  gas  reached  the  blades 
meant,  of  course,  restriction  to  an  extremely  small  number  of 
stages.  He  believed  it  very  possible  to  use  a  fluid  compounded  of  a 
mixture  of  burnt  gas  and  steam,  and  he  had  made  experiments  in 
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that  direction.  A  portion  of  the  heat  of  combustion  was  first  used 
in  heating  and  evaporating  water  into  steam,  and  then  the  burnt 
gases  were  further  cooled  by  mixture  with  the  steam  while  the 
steam  was  superheated.  By  regulating  the  proportion  of  steam 
and  burnt  gas,  one  could  get  any  desired  combination  of  pressure 
and  temperature  above  the  temperature  of  saturated  steam.  The 
combustion  of  gas  or  oil  fuel  went  on  steadily,  of  course  under  full 
pressure,  without  deviation  from  the  most  efl&cient  conditions  of 
combustion.  The  objection  was  the  large  proportion  of  the  nega- 
tive work  in  compressing  the  air  needed  for  combustion  to  the  full 
working  pressure. 

Mr.  F.  J.  EoWAN  (Member)  having  been  prevented  from 
attending  the  last  meeting  of  the  Institution,  wished  to  say 
that  he  had  read  Mr  Neilson's  paper  with  much  interest,  and 
thought  that  the  historical  and  descriptive  portions  left  little  to  be 
desired,  except  with  regard  to  the  first,  in  which,  seeing  that  the 
Author  subsequently  gave  much  prominence  to  the  gas  turbine 
question,  he  thought  that  he  might  with  advantage  have  enlarged 
that  part  by  including  in  it  some  account  of  the  various  designs 
of  gas  turbines  which  had  been  proposed.  Several  of  these  were 
very  ingenious,  and  it  would  not  be  easy  to  find  a  better  way  of 
illustrating  the  practical  difficulties  inherent  to  the  gas  turbine 
problem  than  by  giving  a  description  of  the  plans  of  inventors  and 
the  investigations  of  those  who  had  dealt  with  the  theory  of  the 
subject.  Amongst  the  inventors  were  Crossley  and  Atkinson; 
Heinrich  Zoelly,  of  Zurich ;  Ken6  Armengaud  and  Charles  Leraale, 
of  Paris;  Franz  Windhausen,  jun.,  of  Berlin;  and  Thomas  G. 
Saxton,  of  Lexington,  Ky. ;  and  amongst  the  investigations  which 
had  been  published,  Mr  Neilson*s  paper  to  the  Institution  of 
Mechanical  Engineers  (in  their  October,  1904,  Transactions), 
took  a  prominent  place,  and  there  were  those  of  Alfred  Barbezat, 
in  the  Revue  d'  Electricity;  R.  Barkow  and  K.  Schreber,  in 
Zeitschr.  Elektrotechn.,  of  Vienna ;  Dr.  C.  E.  Lucke,  of  Columbia 
University,  and  Prof.  Sidney  A.  Reeve.  Dr.  Lucke's  experiments 
on  the  expansion  of  hot  gases  in  nozzles  were  a  commencement  of 
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the  line  of  investdgation  desired  by  Mr  Neilson,  althoagh  they  dealt 
with  gases  of  comparatiyely  low  temperature;  and  Mr  T.  £. 
Stanton  had  made  some  research  into  the  influence  of  velocity  on 
the  transference  of  heat  from  gases  to  metals.  With  regard  to 
the  idea  thrown  out  by  Mr  Neilson  that  with  steam  added  to  the 
products  of  combustion,  a  condenser  and  air-pump  could  be  used, 
would  not  the  size  of  air-pump  and  the  power  required  to  drive  it, 
render  this  method  impracticable  ?  It  had  been  proposed  to  utilize 
the  heat  of  such  waste  gases  in  heating  feed-water  and  air  for 
combustion,  and  he  (Mr  Bowan)  understood  that  experiments  with 
a  gas  turbine  so  arranged  were  in  progress. 

Mr  Neilson,  in  reply  to  Mr  Riddles  worth's  query  as  to  the  mean- 
ing of  a  single-stage  turbine,  stated  that,  the  expression  did  not 
indicate  a  turbine  in  which  there  was  only  one  ring  of  blades,  but 
a  turbine  in  which  the  expansion  of  steam  took  place  all  at  one 
step.  There  might  be  one  or  more  rings  of  moving  blades.  In 
Curtis'  turbines  as  many  as  four  rings  of  moving  blades  had,  he 
believed,  been  arranged  in  one  stage,  the  steam  being  redirected  from 
one  to  another  by  means  of  fixed  blades.  In  a  h.p.  single-stage 
marine  steam  turbine  either  three  or  four  rings  of  moving  blades 
might  be  employed  according  to  the  diameter  which  could  be  given 
to  the  H.p.  casing  ;  and  a  suflSciently  low  propeller  speed  could  be 
obtained.  Such  a  high  pressure  turbine  would  have  certain  dis- 
advantages compared  with  a  high  pressure  turbine  of  the  Parsons 
type,  but  would  also  have  advantages  over  the  latter.  Mr  Griffith 
objected  to  the  use  of  a  single-stage  h.p.  turbine  on  the  ground 
that  this  would  mean  a  reduction  of  ahead  power  on  the  central 
shaft,  but  he  (Mr  Neilson)  did  not  think  that  such  a  reduction  was 
a  necessary  consequence.  The  single-stage  h.p.  turbine  could  be 
made  of  any  desired  power.  The  power  would  have  to  be  deter- 
mined by  considerations  of  propeller  efficiency  and  accommodation 
on  board  ship.  The  turbine  should  have  a  large  diameter  for  the 
power  if  the  nature  of  the  ship  and  the  engine-room  arrangements 
allowed  ot  this.  Mr  Griffith  referred  to  the  Admiralty  adopting 
astern  turbines  on  every  shaft.    If  by  this  was  meant  the  placing 
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of  H.p.  reyersing  turbines  on  the  h.p.  shafts,  and  l.p.  reversing 
turbines  on  the  l.p.  shafts  (as  reported  in  an  engineering'  journal), 
the  device  had  several  objections.  In  the  first  place  the  length  of 
the  H.P.  turbine  casings  would  be  increased,  thus  calling  for  more 
fore  and  aft  space,  which,  as  Mr  Griffith  stated,  was  an  objection. 
In  the  second  place  the  h.p.  reversing  turbines  would  cause  an 
appreciable  drag  when  the  vessel  was  going  ahead,  as  they  would  be 
rotating  in  wet  steam  at  a  considerable  pressure.  In  the  third 
place  the  initial  reversing  torque  (which  was  usually  of  much  more 
importance  than  the  normal  power  when  steaming  astern)  would 
De  reduced  by  compounding  the  reversing  turbines  unless  these 
were  made  very  large.  All  the  reversing  turbines  should,  he  con- 
sidered, take  boiler  steam  and  exhaust  into  the  condenser.  By 
using  one  single-stage  h.p.  turbine  and  two  l.p.  Parsons'  turbines, 
a  high  initial  reversing  torque  could  be  obtained  on  all  three  shafts ; 
and  the  fore  and  aft  space  required  by  the  turbines  would  be  small. 
There  would  also  be  no  more  drag  caused  by  the  reversing  tur- 
bines when  the  vessel  was  going  ahead  than  with  the  present 
arrangement.  Mr  Griffith  referred  to  Prof.  Weighton's  experi- 
ments on  condensers.  He  (Mr  Neilson)  was  acquainted  with 
some  of  the  results  obtained  by  Prof.  Weighton,  and  looked  for- 
ward with  great  interest  to  perusing  in  full  Prof.  Weighton's 
paper,  which,  he  understood,  was  to  be  read  at  an  early  date 
before  the  Institution  of  Naval  Architects.  There  was  no  doubt 
that  Prof.  Weighton's  experiments  would  have  a  most  important 
effect  on  condensing  plant  designed  both  for  land  purposes  and 
for  turbine  propelled  vessels,  especially  warships.  Although  the 
weight  of  a  condenser  on  a  turbine  ship  might  be  small  compared 
with  the  benefit  to  be  desired  from  it,  still  the  weight  ought  to  be 
taken  into  account  in  considering  what  degree  of  vacuum  should 
be  employed.  If,  by  special  design,  the  weight  of  condensers  for 
a  given  effect  could  be  reduced,  this  would  obviously  affect  the 
degree  of  vacuum  to  which  it  was  desirable  to  work,  especially  in 
a  warship.  Prof.  Jamieson  referred  to  the  meaning  of  the  words 
"adiabatic"  and  "  isentropic"      He  (Mr  Neilson)  had  used  the 
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word  ''iseatropic''  beoause  there  was  no  doubt  as  to  its  meaniDg, 
which  was  that  given  by  Prof.  Jamieson.  The  meaning  of  "  adia- 
batic  "  was  doubtful,  different  meanings  having  been  applied  to  it  by 
different  writers.*  He  did  not  consider  that  turbines  and  recipro- 
cating engines  could  be  fairly  and  satisfactorily  compared  except 
as  regards  their  b.h.p.  or  e.h.p.  when  driving  electric  generators. 
Concerning  the  consumption  of  steam  by  the  auxiliary  plant,  this  was 
a  very  big  question,  and  he  was  afraid  could  not  be  fully  gone  into 
on  the  present  occasion.  He  might  state  now,  however,  that  the 
steam  consumption  of  the  auxiliaries  varied  very  greatly  with  the 
degree  of  vacuum  for  which  the  plant  was  designed;  and  with 
high  vacua  the  temperature  of  cooling  water  and  the  design  of  the 
condenser  had  an  immense  effect  on  the  power  required  to  work 
the  auxiliaries.  Prof.  Robert  H.  Smith's  remarks  were  always 
interesting.  Regarding  loss  due  to  leakage  in  turbines,  he  (the 
Author)  had  not  dealt  with  this  loss  independently  of  other  losses. 
The  loss  due  to  leakage  in  a  turbine  of  the  Parsons  type  was 
almost  wholly  due  to  the  eddies  produced  by  the  leaking  steam. 
But  for  these  eddy  losses  the  leakage  would  be  of  little  conse- 
quence. If  the  kinetic  energ}'  of  the  steam  leaking  past  one  ring 
of  moving  blades  could  be  usefully  employed,  in  whole,  by  the  next 
ring  of  moving  blades,  there  would  of  course  be  no  loss  due  to 
leakage.  As  a  matter  of  fact,  however,  the  leaking  steam  pro- 
duced eddies.  Eddies  were  also  produced  by  other  causes,  and  he 
dealt  with  the  eddy  loss  as  a  whole.  He  should  have  liked  to  have 
heard  more  of  the  experiments  which  Prof.  Smith  had  conducted 
on  turbines  using  a  mixture  of  burnt  gas  and  steam.  Mr  Riekie 
alluded  to  the  expansion  of  steam  in  a  reciprocating  engine  down 
to  the  condenser  pressure.  No  matter  what  ratio  was  adopted 
between  the  cylinders  of  a  reciprocating  engine,  if  the  steam  was 
expanded  down  to  the  condenser  pressure,  the  low  pressure 
cylinder  would  have  to  be  large  enough  to  contain  the  steam 
which  passed  through  the  stop  valve  for  every  stroke  of  the 
engine.  With  a  low  condenser  pressure  the  volume  of  this  steam 
*See  discussion  in  the  Engineer,  December,  1905. 
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^would  be  so  great  as  to  necessitate  a  quite  impracticable  bulk  for 
the  low  pressure  cylinder.     He  quite  agreed  that  there  would  be 
no  difficulty  in  expanding  steam  in  a  reciprocating  engine  down  to 
atmospheric  pressure,  even  if  a  high  degree  of  superheat  were 
adopted,  but  the  expansion  to  a  pressure  corresponding  to  a  good 
vacuum  was  a  very  different  matter.     He  quite  agreed  with  Mr 
Sayers  with  respect  to  the  importance  of  the  correct  proportioning 
of  the  nozzles  and  passage  ways  between  the  blades  of  elastic  fluid 
turbines.     Sometimes,  however,  the  correct  proportions  had  to  be 
slightly  deviated  from  for  practical  considerations,  and  this  could 
often  be  done  with  very  little  loss  of  efficiency.     Mr  F.  J.  Rowan 
referred  to  the  researches  and  experiments  of  several  engineers  at 
home  and  abroad  on  the  gas  turbine  question.     He  (Mr  Neilson) 
had  considered  that  his  paper  would  have  been  too  long  if  he 
satisfactorily  described  recently  proposed  forms  of  gas  turbines. 
Mr  Rowan  s  list  of  names  and  articles  were  useful  for  reference. 
With  respect  to  Dr.  Lucke*s  experiments  referred  to  by  Mr  Rowan, 
these  were  interesting  to  physicists,  but  he  did  not  think  that  they 
threw  much  light  on  the  gas  turbine  problem,  and  it  would  be  a 
mistake  to  form  conclusions  relating  to  gas  turbine  possibilities  on 
the  results  of  these  experiments.      Regarding  his  suggestion  of 
using  a  condenser  and  air  pump,  with  a  mixtue  of  steam  and  pro- 
ducts of  combustion,  he  threw  out  the  idea  as  an  arrangement 
mechanically  possible.      Whether  or  not  it  would  ever  be  com- 
mercially desirable,  was  at  present  an  open  question. 

The  President  moved  a  vote  of  thanks  to  Mr  Neilson  for  bis 
excellent  paper. 
The  vote  of  thanks  was  enthusiastically  accorded. 


THE  APPLICATION   OF  CALCULATING  CHARTS  TO 
SLIDE-VALVE  DESIGN. 

By  Mr  WiliiIAm  J.  Goudib,  B.So.  (Member). 


BBS    PLATES    X.,    XI„    AND    XII. 


Bead  19th  Decembet,  1906, 


Im  getting  out  the  design  particulaxs  for  a  marine  engine  slide- 
valve,  the  valve  diagrams  most  commonly  employed  are  probably 
the  Zeuner  and  the  Bilgram,  as  their  construction,  unlike  that  for 
the  so-called  ''harmonic"  diagram,  or  the  valve  ellipse,  involves 
the  use  only  of  sti'aight  lines  and  circles. 

Despite  this  fact,  however,  they  still  possess  the  drawback,  that 
in  either  case  the  result  of  the  modification  of  any  of  the  variable 
elements  of  the  problem  cannot  be  ascertained,  unless  the 
diagram  is  either  partly  or  wholly  redrawn.  It  has  often 
occurred  to  me  that,  the  time  and  labour  involved  in  this  tenta- 
tive process  might  be  much  reduced  by  the  substitution  of  one  or 
more  calculating  charts  for  the  valve  diagram,  and  as  the  outcome 
of  the  idea,  I  have  designed  the  charts  which  form  the  subject 
of  this  paper. 

The  elements  which  enter  into  the  various  problems  relating 
to  simple  slide-valve  design,  may,  for  the  present  purpose,  be 
classified  into  three  groups,  as  follows: — 

Group  /.—This  contains  the  elements,  cylinder  diameter,  stroke, 
revolutions,  steam  or  exhaust  velocity,  port  length  or  circumfer- 
ence, and  port  opening  or  width.  Of  these,  either  the  port  open- 
ing or  width  is  usually  the  unknown  quantity. 

Oroup  II. — This  contains  the  elements  affecting  the  steam  dis- 
tribution at  the  outside  edges  of  the  valve,  viz.,  valve  travel,  port 
opening,  lead,  outside  lap,  cut-off,  and  connecting-rod  ratio.    Of 
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these,  the  valve  travel  and  the  outside  lap  are  usually  the  unknown 
quantities. 

Gfoup  IIL — This  contains  the  elements  affecting  the  steam 
distribution  at  the  inside  edges  of  the  valve,  viz.,  valve  travel, 
angular  or  linear  advance,  inside  lap,  compression  and  release, 
and  connecting-rod  ratio.  Of  these,  either  the  inside  lap  or  com- 
pression, or  release,  may  be  the  unknown  quantity. 

In  order  to  deal  with  every  possible  case  involving  the  foregoing, 

1  have  designed  a  chart  to  handle  each  group  of  elements.  Strictly 
speaking.  Chart  No.  1  is  of  a  preliminary  character;  Charts  Nos. 

2  and  3  being  the  calculative  substitutes  for  the  valve  diagram. 
The  purpose  of  this  paper  is,  first,  to  indicate  the  basis  on 
which  each  chart  has  been  constructed  to  meet  the  requirements 
of  the  case,  and  then  to  illustrate,  by  a  number  of  numerical 
examples,  how  the  charts  may  be  applied,  to  obtain  as  closely 
approximate  results  in  practice,  as  can  be  got  by  the  longer  and 
more  laborious  geometrical  constructions. 

Taking  Grotip  L : — 

Let    D  =  Cylinder  diameter  in  inches, 
L  =  Stroke  in  feet, 
N  =  Bevolutions  per  minute, 
V  =  Steam  or  exhaust  velocity  in  feet  per  minute, 
S  =  Mean  piston  speed  in  feet  per  minute, 
A  =  Port  length  in  circumference  in  inches, 
W  =^  Port  opening  or  width  in  inches, 
a  =  Port  area  in  square  inches. 

Then— 

(^D«  \  (2LN)  =  (W  A)  V,  that  is— 

{^  D«\s  =  aV  =  K. 

On  Chart  No.  1,  the  left  hand  and  right  hand  diagrams  show  the 
graphical  interpretations  of  the  corresponding  sides  of  this 
identity.  On  a  piston  speed  base  are  plotted  values  of  the 
revolutions  for  a  series  of  values  of  the  stroke ;  and  on  the  same 
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piston  speed  base  are  plotted  values  of  K  for  a  series  of  values  of 
the  cylinder  diameter.     Similiarly,  on  a  port  area  base  are  plotted 
values  of  K  for  a  series  of  values  of  the  steam  velocity,  and  on  the 
same  area  base  are  plotted  values  of  the  port  opening  or  width, 
for  a  series  of  values  of  the  port  length  or  circumference.     The 
ordinate  scale,  for  values  of  K,  which,  however,  does  not  appear 
on  the  chart,  is  the  analogue  of  the  sign  of  equality  in  the  identity, 
and  links  the  diagrams  together.     From  this  explanation,  the  rule 
appended  for  the  direct  use  of  the  chart  will  be  readily  understood. 
The  piston  speed  is  first  ascertained  from  the  given  revolutions  and 
the  stroke ;  the  value  of  K  is  then  obained  from  the  determined 
piston  speed  and  the  given  cylinder  diameter ;   the  port  area  is 
then  obtained  from  the  determined  value  of  K  and  the  given  steam 
velocity  ;  and  finally  the  port  width,  or  opening,  is  obtained  from 
the  determined  port  area  and  the  given  port  length.     The  rule  for 
direct  use  of  the  Chart  may,  therefore,  be  stated  as  follows: — 

Chart,   No.   1. 

(a)  From  the  revolution  scale  follow  the  horizontal  to  the 

stroke  curve. 

(b)  Follow  the  vertical  from  the  stroke  curve  to  the  cylinder 

diameter  curve. 

(c)  Follow  the  horizontal  from  the  cylinder  diameter  curve 

to  the  steam  velocity  curve. 

(d)  Follow  the  vertical  from  the  velocity  curve  to  the  port 

length  or  circumference  curve. 

(e)  Follow  the  horizontal  from  the  port  length  curve  to  the 

port  opening  or  width  scale,  and  read  the  result. 

For  those  who  may  wish  to  avoid  operation  (a)  and  use  the 
piston  speed  direct,  a  scale  of  piston  speed  has  been  added  at  the 
top  of  the  chart.  Also,  since  it  is  advisable  to  know  the  port  area, 
and  as  the  calculation  for  it  is  exactly  the  same  as  that  for  the 
steam  or  exhaust-pipe  diameter,  scales  for  these  values  have  been 
added  at  the  bottom  and  the  top,  so  that  at  the  end  of  operation  (c). 
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by  following  the  vertical  from  the  velocity  curve  to  either  the 
lower  or  the  upper  scale,  either  the  port  area  or  the  steam  or 
«xhaust-pipe  diameter  can  at  once  be  ascertained. 

Altogether,  it  will  be  seen  that  this  chart  shows  at  a  glance  the 
interdependent  relations  between  nine  elements  more  or  less 
directly  connected  with  the  design  of  the  valve.  The  accuracy 
of  the  results  obtainable  is  limited  only  by  the  size  of  the 
chart.  The  sets  of  curves,  the  velocity  curves  in  particular,  are 
not  as  complete  as  they  might  be  made,  owing  to  the  restriction 
imposed  by  the  size  of  the  Volume  of  the  Transactions ;  but  even 
with  this  limitation,  as  will  be  seen  from  the  numerical  examples 
at  the  end  of  the  paper,  it  is  possible  to  get  quite  reliable  figures 
for  preliminary  design  purposes.  The  scales  used  throughout  are 
logarithmic,  as  any  attempt  to  plot  the  curves  to  uniform  sceJes 
would  result,  with  the  working  limits  adopted,  in  a  chart  of 
unwieldy  proportions,  possessing  the  common  defect  of  the  crowd- 
ing of  each  set  of  curves  near  the  origin.  When  the  log  scales 
are  substituted,  each  series  'of  curves  consists  of  parallel  straight 
lines,  inclined  at  45  degrees  to  either  axis,  so  that  it  is  only 
necessary  to  obtain  one  point  on  each  curve,  and  draw  a  line 
through  it  with  the  aid  of  the  45-degree  set  square. 

Turning  now  to  Groups  11.  and  ///..,  there  are,  doubtless,  several 
ways  in  which  the  different  elements  may  be  graphically  com- 
bined; but  the  production  of  a  chart,  on  which  they  can  be 
handled  without  a  considerable  amount  of  preliminary  or  inter- 
mediate calculation,  is  not  quite  such  a  simple  matter  as  that  of 
Chart,  No.  1. 

The  following  methods  of  construction  have  been  adopted  here, 
by  means  of  which,  all  calculation,  except  that  of  a  simple  addition 
or  subtraction,  is  avoided ;  the  operation  on  Chart,  No.  2,  is  con- 
tinuous from  start  to  finish,  while  on  Chart,  No.  3,  there  is  only 
one  break  in  the  continuity  of  the  operation  when  the  disturbing 
element  of  inside  lap  is  involved.  Taking  Group  ILy  and  referring 
to  Fig.  1,  Plate  IX,,  Let— 
Lo  =  Outside  lap, 
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a  =  Lap  angle, 

I  =  Lead, 

P  =  Lead  angle,  so  that — 

A  =  (Lo  -f  /)  =  linear  advance, 

^  =  (a  -f  j8)  =  angular  advance, 
W  =  port  opening, 

R  =  length  of  crank, 

r  =  eccentricity,  or  half  the  valve  travel,  and 
X^  =  piston  travel  to  cut-off,  when  the  connecting  rod  is  infinite, 

X  =  fraction  of  stroke  to  cut-off  =  —i. 

When  the  crank  is  in  the  dead  centre  position  OP,  the  eccentric 
is  at  0  d,  and  the  steam  edge  of  the  valve  is  at  a,  the  port  being 
open  by  the  amount  of  lead.  Steam  is  admitted  to  the  cylinder 
while  the  valve  edge  moves  from  a  to  6  and  back  from  b  to  e^ 
and  during  this  period  the  eccentric  and  crank  each  rotate 
through  an  angle  <^,  finally  occupying  positions  Od^  and  OPp 
when  the  valve  closure  to  steam  adtnission  takes  place.  The 
error  in  the  valve  motion,  due  to  the  obliquity  effect  of  the 
eccentric  rod,  is  here  neglected,  as  in  the  case  of  the  valve  diagram, 
since  it  is  usually  too  small  to  appreciably  affect  results. 

Here,  obviously,  <t>  =  |l80  -  (2a  +  P)\  and  hence  the  angle 

P^OMi,  which  the  crank  makes  with  the  line  of  stroke  at  cut-off,  is 
8  =  (180  -  <f>) 
=  (2a  +  pU 
Eeferring  to  Fig.  2,  let  P^  O  M^  be  bisected  by  the  line  O  Q,  then 

the  angle  QOM,  =  1  =  /a  +  |)  ;  and 

fg  =  r  Sin  (a -\^  l\ (1> 

Lo  =  rSintt (2)- 

(Lo  +  l)  =  r  Sin  (a  +  P)       (3) 

Adding  (2)  and  (3),  2Ijo  +  I  =  r  |Sin  a  +  Sin  (a  +  ^)j 

=  r2Sin(a+|-\cos|  ...    (4> 
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Dividing  (4)  by  (1)  ^^±J  =  2  Cos  ^. 
fg  2 

But  since  -o-  is  a  very  small  angle,  Cos  -^  =  1,  hence — 


2 


f9='  (Lo  +  |-Yand 


:^\si.|.Vir02L«.     (6) 

hence  substituting  in  (5) — 

~      ▼        n » 


andLo  =  r^(l-ir)-2 


In  a  new  design  the  port  opening  is  given,  and  the  lap  is  required. 
Since  L  =  (r  ~  W),  then— 

and  (2W  -  0  =  2r{l  -    y/T^]  =  K, 

The  left-hand  portion  of  Chart  No.  2  gives  the  graphical  inter- 
pretation of  this  identity.  On  a  port  opening  (vertical)  base  are 
plotted  values  of  Kj  for  a  series  of  values  of  lead,  and  on  a  cut-off 
base  are  plotted  corresponding  values  of  Ki  for  a  series  of  values  of 
valve  travel.  This  portion  of  the  chart  gives  the  same  solution  as 
the  Bilgram  diagram  when  the  connecting  rod  is  infinite,  viz.,  given 
the  lead,  port  opening,  and  cut-off,  the  necessary  valve  travel  and 
lap  can  be  determined.  From  the  nature  of  the  right  hand  side  of 
the  identity,  a  readable  diagram  cannot  be  obtained  when  uniform 
scales  are  used,  and  logarithmic  scales  have  again  been  adopted. 
Their  use,  on  the  other  hand,  introduces  the  crowding  defect  in 
the  lead  curves,  and  can  be  seen  at  the  lower  corner  of  the  dia- 
gram.    A  compromise  has  to  be  made  between  extreme  conditions, 

10 
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and  the  relative  dimensions  of  the  scales  used  have  been  arrived  at 
by  the  eliminating  process  of  trial  and  error. 

The  cut-off  with  an  infinite  rod  being  ascertained,  correction  h&s 
to  be  made  for  the  finite  rod  used  in  ordinary  practice. 

The  error  due  to  the  obliquity  of  the  rod  can  be  calculated  from 
the  expression — 

R  Sin2  6 

where,  connecting  rod 

stroke. 

A  proof  of  this  will  be  found  in  Zeuner's  standard  work  on  "Valve 
Gears,"  or  in  Cotterill's  **  Applied  Mechanics,"  so  that  it  need  not 
be  enlarged  upon  here. 

This  value  has  to  be  added  to  the  piston  travel  on  the  down, 
and  subtracted  from  it  on  the  up  stroke.  The  corrected  value 
divided  by  2  B  gives  the  necessary  fractional  value  z,  A  quicker 
and  simpler  way,  however,  is  to  obtain  values  of  x  directly  by  con- 
struction from  a  large-scale  diagram.  For  the  right-hand  portion 
of  the  chart  these  values  of  cut-off,  obtained  by  construction  for  a 
finite  rod,  are  plotted  on  the  (vertical)  base  of  cut-off  with  infinite 
rod,  for  a  series  of  values  of  the  connecting-rod  ratio.  A  combina- 
tion of  logarithmic  and  uniform  scales  is  employed  here,  in  order 
to  make  one  diagram  serve  for  both  top  and  bottom  readings,  and 
to  get  in  readable  sets  of  ratio  curves.  To  prevent  confusion, 
only  five  curves  are  plotted  in  each  set.  Intermediate  values  of 
the  ratios  can  be  easily  got  by  interpolation. 

The  direct  method  of  the  use  of  this  Chart  is  either  to  find  the 
travel  from  the  lead,  port  opening,  and  cut-oflj  and  then  to  sub- 
tract the  port  opening  from  half  the  travel  and  obtain  the  lap ;  or, 
as  is  usually  done  in  the  case  of  the  Zeuner  diagram,  from  the 
lead,  cut-off,  and  an  assured  travel,  to  determine  the  port  opening 
and  lap.  When  the  leads  are  equal  at  top  and  bottom,  the  laps  are 
equal,  since  A  =  (rj^  +  /)  is  a  constant.  If,  however,  as  is  generally 
the  case,  the  bottom  lead  is  in  excess  of  the  top  lead,  the  bottom 
port  opening  will  be  greater  than  the  top  one  by  an  amount  equal 
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tfO  the  difference  between  the  leads,  and  in  the  operation  to  ascer- 
tain the  cut-off  on  the  bottom  side,  the  value  to  be  used  for  the 

lx)ttom  port  opening  =  |  top  port  opening  +  (bott.  lead  -  top  lead)  | 

From  the  foregoing  the  following  rules  may  be  formulated. 

Chart  No.  2. 
Rule  IL 
Given :  Port  opening,  lead,  cut-off,  and  connecting-rod  ratio. 
To  find :  Valve  travel  and  outside  lap. 

(a)  Follow  the  cut*off  vertical   to  the  connecting-rod  ratio 

curve,  and  note  the  horizontal  from  this  curve. 
{h)  Follow  the  port  opening  horizontal  to  the  lead  cui*ve. 

(c)  Follow  the  vertical  from  the  lead  curve  till  it  cuts  the 

observed  horizontal,  and  read  the  valve  travel  at  the 
point  of  intersection. 
{d)  Subtract  the  port  opening  from  half  the  travel  and  obtain 
the  outside  lap. 

RvU  IIL 
Given :  Travel,  lead,  cut-off,  and  connecting-rod  ratio. 
To  find :  Port  opening  and  outside  lap. 

(a)  Follow  the  cut-off  vertical   to  the  connecting-rod  ratio 

curve. 
{h)  Follow  the  horizontal  from  the  ratio  curve  to  the  travel 

curve. 
{c)     Follow  the  vertical  from  the  travel  curve  to  the  lead 
curve. 

(d)  Follow  the  horizontal  from  the   lead  curve  to  the  port 

opening  scale  and  read  the  result. 
(t)  Subtract  the  port  opening  from  half  the  travel  and  obtain 
the  outside  lap. 

livle  IV, 
Given :  Top  and  bottom  leads,  top  port  opening,  and  valve  travel. 
To  find:  Cut-off  top  and  bottom,  and  mean  cut-off. 

(a)  Follow  the  top  port-opening  horizontal  to  the  top  lead 
curve 
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(b)  Follow  the  vertical  from  the  lead  curve  to  the  travel  curve. 

(c)  Follow  the  horizontal  from  the  travel  curve  to  the  ratio 

curve  for  the  top  end,  and  read  the  top  cut-off  on  the 

upper  scale.      Next  subtract  the  top  from  the  bottom 

lead,  and  add  the  value  to  the  top  port-opening.     With 

this   as    bottom   port-opening  repeat   the   operations 

using  the  bottom  lead  and  ratio  curves,  and  read  the 

bottom   cut-off  on  the  lower  scale.      Average  these 

values  for  the  mean  cut-off. 

These  three  rules  will  be  found  sufficient  for  the  handling  of 

any  of  the  problems,  connected  with  the  steam  edge  of  the  valve, 

which  are  likely  to  arise  in  the  initial  stages  of  a  design. 

Finally,  taking  Grouj)  IIL^  when  there  is  no  inside  lap  the 
location  of  the  piston  position  at  release  and  compression  is  a 
comparatively  simple  matter,  as  will  be  seen  by  *referring  to 
Fig.  3.  As  already  shown  on  Fig.  1,  when  the  crank  is  at 
the  cut-off  position  O  P^  and  the  eccentric  at  O^j,  the  crank 
angle  8  =  (180  -<#»)  =  (2a  -f  /?).  If  OPj  is  the  crank  posi- 
tion at  release,  and  O^^^  ^^  corresponding  position  of  the  eccen- 
tric, then  Pj  O  Pg  =  d^  Od^  =  a,  the  lap  angle,  since  both  cranks 
must  describe  this  angle,  while  the  valve  edge  moves  from 
position  c  to  k,  before  the  valve  is  again  in  its  central  position. 
At  release,  then,  the  angle  the  crank  makes  with  the  line  of  stroke 
is  y  =  (6  -  a)  =  (2a  -f-  /?  -  a)  =  (a  -f  /3)  =6  the  angle  of  advance. 
Obviously  the  same  reasoning  holds  for  the  location  of  the  crank 
position  OPs  at  compression,  so  that  when  the' linear  advance  haa 
been  determined  from  Chart  No,  2  the  piston  positions  at  release 
and  compression  are  determinate.  With  an  infinite  connecting 
rod  the  fraction  of  the  stroke  corresponding  to  the  crank  angle 

y  =  6  =  Sin  ~  *  —  is  easily  ascertained  either  from  the  expression 

Xg  =  Xg  =  E  (1  -  Cos  6)  by  calculation,  or  from  a  table  of  values 
such  as  is  given  in  Zeuner's  standard  work,  or  directly  by  con- 
struction. 

On  the  left  hand  diagram  of  Chart  No.  3,  the  above  conditiona 
have  been  graphically  embodied  by  plotting  on  a  valve-travel  base 
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4^6  values  of  Sin  ~  ^  —  for  a  series  of  values  of  the  linear  advance 
r 

A.      The  correction   for  the  connecting-rod  obliquity    is   made 
as  in  the  previous  case  by  plotting  in  the  right-hand  diagram,  on 

\ 
the  (vertical)  base  of  Sin  ~  ^  -  with  infinite  rod,  the  corrected  cut- 
off values  with  finite  rod,  for  a  series  of  values  of  connecting-rod 
ratio.  When,  therefore,  there  is  no  inside  lap,  after  the  con- 
stant element  of  linear  advance  has  been  determined  from 
Chart  No.  2,  the  release  and  compression  points  are  ascertained 
by  following  the  valve  travel  vertical  to  the  linear  advance 
curve,  then  following  the  horizontal  to  the  ratio  curves  and  the 
verticals  from  these  to  the  corresponding  scales  for  top  and 
bottom  release  and  compression.  As  in  the  case  of  Chart  No.  2, 
a  combination  of  logarithmic  and  uniform  scales  has  again  been 
adopted  to  get  in  a  readable  set  of  ratio  curves.  As  the  obliquity 
error  rapidly  decreases  towards  the  ends  of  the  stroke,  it  is  some- 
what difficult  to  accomplish  this  object  satisfactorily. 

In  marine  engine  practice,  there  is  almost  always  positive  inside 
lap  at  the  bottom  and  negative  inside  lap  at  the  top  edge  of  the 
valve,  and  a  modification  of  the  Chart  is  necessary,  in  order  to  take 
account  of  both  these  elements.  Keferring  to  Fig.  4,  if  the 
valve  has  a  positive  inside  lap  =  Lj,  then  the  eccentric  and  crank 
must  describe  a  further  angle  w,  while  the  inner  edge  of  the  valve 
moves  from  the  central  position  k  to  the  position  m,  where  release 
takes  place.  The  position  of  the  crank  and  eccentric  at  release 
will  therefore  be  0  P^  and  O  d^  and  the  crank  angle  y^  =  (y  -  w). 
By  similar  reasoning,  it  can  be  shown  that  at  compression  the 
crank  angle  (in  the  fourth  quadrant)  is  =  yg  =  (y  +  w).  It  will 
also  be  obvious  that  when  the  inside  lap  is  negative,  this  order 
will  simply  be  reversed— that  is,  y^  =  (y  +  w)  is  the  crank  angle 
at  release,  and  y^= (y  -  a>)  is  the  crank  angle  at  compression.     Put 

release      )   ^  ,  . 

compression  {        ^^  "*"  ^^' 


generally,  then,  the  crank  angle  y  for 


I      release      \ 
with  positive  inside  lap ;  and  y  for  |  compression  |  =  (^  ±  <«>)»  with 
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negative  inside  lap.  The  upper  and  lower  signs  correspond 
respectively  to  the  release  and  compression.  All  that  is  necessary, 
therefore,  to  take  account  of  the  inside  lap  is  to  determine  the 

inside  lap  angle  w,  add  or  subtract  it  from  6  =  Sin  ~  ^       determined 

from  the  travel  and  linear  advance,  follow  the  horizontal 
from  this  increased  or  diminished  value  of  the  crank  angle 
to  the  ratio  curves,  and  complete  the  operation  as  before. 
The  arcs  qs  and  qt  do  not  differ   sensibly   in  value   from   the 

inside  lap  L^;  hence  w  (radians)  =— land  w  (degrees)  =57  3  —i- 

For  the  determination  of  (u,  values  of  w,  calculated  from  this 
expression,  have  been  plotted  on  the  valve-travel  base  for  a  series 
of  values  of  inside  lap.     Jn  order  to  avoid  the  objectionable  feature 

of  having  the  Sin  -  ^  -  and  w  scales  on  the  same  axis,  the  venue 

of  this  latter  scale  has  been  changed  to  the  upper  part  of  the 
diagram,  through  the  medium  of  the  diagonal  line  A  B.  A  sit  is 
not  usually  the  custom,  when  designing  a  valve,  to  measure  the 
angular  values,  and  as  it  is  conducive  to  conciseness  in  the  state- 
ment of  the  working  rules,  the  value  of  crank  angle  \yith 
inside  lap  has  been  termed  simply  Result  I ;  that  of  the  lap  angle, 
Result  II ;  and  the  corrected  value  of  crank  angle.  Result  III.  In 
the  light  of  the  above  explanation,  the  working  rules  for  Chart, 
No.  3,  will  be  readily  understood. 

Chart  No.  3. 
Bule   V, 
Given  :  No  inside  lap. 
To  find :  Release  and  compression. 

(a)  Follow  the  travel  vertical  to  the  linear  advance  curve. 

(b)  Follow    the    horizontal   to   both   sets   of   connecting-rod 

ratio  curves. 

(c)  Follow  the  verticals    from   the  ratio  curves    and    read 

(top  release  or  bottom  compression)  on  the  upper 
scale ;  (bottom  release  or  top  compression)  on  the  lower 
scale. 
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Rule  VI. 
Oiven:  Positive  inside  lap. 
"ICo  find :  Belease  and  compression. 

(a)  Follow    the  travel  vertical  to  the  linear-advance  curve, 

and  the  horizontal  to  Scale  L,  and  read  Eesult  I. 
{b)  Follow  the  travel  vertical  to  the  inside-lap  curve,  then  the 
horizontal  to  the  diagonal  line  A  B,  then  the  vertical 
to  Scale  II.,  and  read  Eesult  II. 
(c)  For     '  Release  take,  Eesult  III.  =  ( I. -11.) 

^  Compression  take,  Eesult  III.=(L  +  II.) 
From  Value  III.  on  Scale  I.,  follow  the  horizontal  to  the  ratio 
curves,  then  follow  the  verticals  from  these  curves,  and  read  the 
results  on  the  corresponding  scales. 

Bute  VIL 

Given :  Negative  inside  lap. 

To  find :  Eelease  and  compression. 

Perform  operations  (a),  (/»),  and  (c),  as  in  Eule  VI.,  but  under — 

ic)  For/^®^®*®®  **^®  Eesult  III.  =  (I.+IL) 

ICompression  take  Eesult  IIL  =  (I.-  II.) 

RuU  VIIL 
Given:  Top  or  bottom  compression. 
To  find:  Inside  laps. 

(a)  Follow  the  travel  vertical  to  the  linear-advance  curve,  and 

read  Eesult  I.  on  Scale  I. 
{b)  Follow  the  compression  vertical  to  the  corresponding  ratio 
curve,   and  the    horizontal    to    Scale    1.,    and    read 
Eesult  III. 
(c)  II.  =  (III.  — I.),  and  if  negative,  the  inside  lap  is  negative. 
{d)  From  Value  II.  on  Scale  II,  follow  the  vertical  to  A  B, 
and  the  horizontal  to  the  travel  vertical,  and  read  the 
value  of  the  inside  lap  at  their  point  of  intersection. 
This  rule  is  equally  applicable  where  top  or  botton  release  is 
given  instead  of  compression ;    and  if  the  difference  (III.  —  I.) 
under  (c)  is  positive  the  inside  lap  is  negative. 
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NuMEBicAL  Examples  to  IiiiiUSTRATE  the  Application  of 

THE    ChABTS. 

ExampU  (1)  The  h.p.  cylinder  of  a  triple-expansion  engine  is 
23  inches  in  diameter  by  42  inches  stroke ;  the  revolutions  are  75  per 
per  minute.  The  piston  valve  is  to  be  11 J  inches  in  diameter,  with 
an  approximate  circumference  of  36  inches. 

Determine,  the  diameter  of  the  main  steam  pipe  for  a  steam 
velocity  of  8000  feet  per  minute ;  the  port  width  for  an  exhaust 
velocity  of  5000  feet  per  minute ;  and  the  top  port  opening  for  a 
steam  velocity  of  7800  feet  per  minute,  assuming  that  35  per  cent, 
of  the  gross  port  area  is  taken  up  by  the  ribs  in  the  liner. 

To  find  the  main  steam  pipe  diameter,  apply  liule  /.,  Chart 
No.  1— 

{a)  Follow  the  75  horizontal  to  the  42  stroke  curve. 

{h)  Follow  the  vertical  from  the  42  stroke  curve  to  the  23 
cylinder-diameter  curve. 

(c)  Follow  the  horizontal  from  the  cylinder-diameter  curve  to 

the  8000  velocity  curve. 

[d)  Follow  the  vertical  from  the  velocity-curve  to  the  upper 

scale,  and  read  steam  pipe  diameter  =  5^,  say  6  inches. 

In  the  case  of  the  port  width  opening,  the  net  values  will  be  65 
per  cent,  of  the  gross  or  actual  widths. 

(c)  Follow  the  horizontal  from  the  23  cylinder-diameter  cur\=^e 
to  the  7800  and  5000  velocity  curves. 

{d)  Follow  the  verticals  from  the  velocity  curves  to  the  36- 
inch  circumference  curve. 

{e)  Follow  the  horizontals  from  the  circumference  curve  to  port 
width  scale,  and  read  '65  port  width  =  1/j  =  1*218  inch  ; 
and  -65  port  opening  =  f  |  =  -7812  inch.     Then  the  gross 

port  width  =     .^^     =  1*94,  say  2  inches,  and  the  gross 

*7812 
top  port  opening=~TTT--  =  1*2,  say  Ij^^nch. 
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JExample  (2)  For  the  above  named  engine  the  mean  h.p.  cut-off  is 

±o  "be  about  'GS.     Taking  top  lead=^  inch,  bottom  lead=y*u^  inch, 

<3.etermine  the  valve  travel  and  the  outside  laps.     Also  determine 

%hke  steam  velocity  through  the  bottom  port  and  the  mean  of  the 

steam  velocities.     The  connecting  rod  is  7  feet  between  centres. 

Here  the  connecting-rod  ratio  is  2.     As  in  the  case  of  the  valve 
45Liagram,  assume  provisionally  that  the  top  cut-off  is  about  67. 

Apply  Ihile  If.,  Chart  No.  2,  to  find  valve  travel  and  top  outside 
lap. 

(a)  Follow  the  -67  top  cut-off  vertical  to  the  2  ratio-curve  for 

top  end,  and  note  the  horizontal  from  this  curve. 
{b)  Follow  the  1/j  top  port  opening  horizontal  to  the  |  top 

lead-curve. 
(c)  Follow  the  vertical  from  the  lead  curve  to  the  observed 

horizontal,  and  read  at  the  point  of  intersection,  valve 

travel  =  6  inches. 
((7)  Top  outside  lap  =  (3  -  lj\)  =  1  ]  J  inch. 

The  linear  advance  A=  (1x3  +  8)  =  ^xS  iiich. 

The  difference  between  the  leads  is  (y\  -  |)  =  i^,^  inch,  hence  the 
gross  bottom  port  openings  If  inch,  and  the  bottom  outside  lap 
=  (li4-/«)  =  ljinch. 

Next  apply  liule  IV.  to  find  the  bottom  cut-off : — 

(a)  Follow  the  1|  bottom  port-opening  horizontal  to  the  yV 

bottom  lead-curve. 

(b)  Follow  the  vertical  from  the  lead  curve  to  the  6-inch  travel 

curve. 

(c)  Follow  the  horizontal  from  the  travel  curve  to  the  2  ratio 

curve  for  the  bottom  end. 

(d)  Follow  the  vertical  from  the  ratio  curve  to  the  lower  scale, 

and  read  bottom  cut-off  =  '59,  then  the  mean  cut-off 
^;67+-59  ^  .g3  ^^^  required). 

Finally  to  determine  the  steam  velocity  through  the  bottom 
steam  port  refer  again  to  Chart  No,  1. 
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Here  the  gross  port  opening  is  If  inch  and  the  net  opening  65  x 
1-375= -8937  =  11  inch. 

(a)  Follow  the  J|  port  opening  horizontal  to  the  36  circum- 

ference curve,  and  note  the  vertical  from  this  curve. 

(b)  Follow  the  75  revolution  horizontal  to  the  42  stroke  curve. 

(c)  Follow   the   vertical  from    the  stroke    curve    to  the    23 

cylinder-diameter  curve. 

{d)  Follow  the  horizontal  from   the  diameter  curve   to  the 

observed  vertical,  and  read  at  their  point  of  intersection 

the  approximate  steam  velocity  =  6600  feet  per  minute, 

then  the  mean  of  the  steam  velocities,  top  and  bottom, 

7800  +  6600     „,,^,.  f    .  .     . 

= =  7200  feet  per  mmute. 

Example  (3)  For  the  above  named  engine,  determine  the  neces- 
sary top  and  bottom  inside  laps  to  give  compression  at  about  '887 
stroke.     Also  ascertain  the  corresponding  points  of  releasa 

Apply  Rule  VIIL,  Chart  No.  3,  to  find  the  top  inside  lap.  Here 
the  linear  advance  =  Ixif  i^^^h. 

{a)  Follow  the  6-inch  travel  vertical  to  the  lyl  linear-advance 

curve,  and  on  Scale  I  read  Result  I  =  40. 
{}))  Follow  from  the  lower  scale,  the  '887  compression  vertical 
to  the  2  ratio  curve  for  top  compression,  then  the  hori- 
zontal to  Scale  I,  and  read  Result  III  =  35*3. 
(r)  II  =  (III -I)  =  (35-3  -  40)  =  -  4-7,  and  the  top  inside  lap 
is  negative. 

(d)  Follow  the  4*7  vertical  from  Scale  II  to  AB,  then  the  hori- 

zontal to  the  6-inch  travel  vertical,  and  at  their  point 
of  intersection  read  top  inside  lap  =  —  Jinch. 
Next  to  find  the  bottom  inside  lap. 
{h)  Follow    from    the    upper    scale,    the    887    compression 
vertical  to  the  2  ratio  curve  for  bottom  compression, 
then  the  horizontal  to  Scale  I,  and  read  Result  III 
=  44-7. 
(c)  II  =  (III  - 1)  =  (44-7  -  40)  =  4-7.     The  bottom  inside  lap  is 
therefore  positive  and  also  \  inch. 
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Bules  VL  and  VII.  might  be  applied  here  to  ascertain  the  points 
of  release  ;  but  since  the  laps  are  the  same  it  will  be  evident  that 
tlie  release  top  and  bottom  is  also  approximately  *887. 

Example  (4)  Each  l.p,  cylinder  of  the  four-crank  triple-engines  of 
St  battleship  is  66  inches  in  diameter  by  48  inches  stroke,  Each 
steam  port  is  62^  inches  by  3^  inches.  Assuming  provisionally  a 
travel  of  9  inches  for  the  double-ported  slide-valve,  top  lead  =  f  inch 
and  the  bottom  lead  =  J  inch,  what  will  be  the  mean  cut-off  with 
top  outside  lap =2  inches  and  bottom  outside  lap = If  inch? 
The  connecting  rod  is  9  feet  between  centres. 
Apply  Rule  IV.,  Chart  No.  2,  to  find  top  cut-off — 

(a)  Follow  the  2J  top  port-opening  horizontal  to  the  f  top 

lead  curve. 
(/>)  Follow  the   vertical   from  the  lead  curve  to  the  9-inch 

travel  curve, 
(r)  Follow  the  horizontal  from  the  travel  curve  to  the  2  ratio 

curve  for  the  top  end. 
{d)  Follow  the  vertical  from  the  ratio  curve  to  the  upper  scale 
and  read  the  top  cut-off  =  '784. 
Next  to  find  the  bottom  cut-off — 

(a)  Follow  the  2|   bottom   port-opening  horizontal  to  the  i 

bottom  lead  curve. 

(b)  Follow  the  vertical  from  the  lead  curve  to  the  9-inch  travel 

curve. 

(c)  Follow  the  horizontal  from  the  travel  curve  to  the  2  ratio 

curve  for  the  bottom  end. 

{d)  Follow  the  vertical  from  the  ratio  curve  to  the  lower  scale 

and  read  bottom  cut-offs  *716,  then  the  mean  cut-off 

^C784-f716),.„^ 
•» 

Example  (5)  If  for  the  four-crank  engine  the  top  inside  lap  =  — 
T^y  inch,  and  the  bottom  inside  lap=0,  what  vdll  be  the  corres- 
ponding top  and  bottom  release  and  compression  values  ? 

Apply  R\iU  VII.,  Chart  No.  3,  to  find  release  and  compression. 
Here  the  linear  advance  =  2|  inches. 
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(a)  Follow  the  9-inch  travel  vertical  to  the  2|  linear-advance 

curve,  and  the  horizontal  to  Scale  I,  and  read  Result  I 
=  35-7. 

(b)  Follow  the  9-inch  travel  vertical  to  the  /j-inch  top  inside- 

lap  curve,  then  the  horizontal  to  A  B  and  the  vertical  to 
Scale  II,  and  read  Result  11=  2*3. 

(c)  For  top  release  III  =  (I  +  II)  =  (35-7  +  2-3)  =  38.     For 

top  compression  III  =  (I  -  II)  =  (35*7  -  2-3)  =  334. 

Follow  the  38  horizontal  from  Scale  I.  to  the  2  ratio  curve  for 
top  release  and  the  vertical  to  the  upper  scale  and  read  top 
release  =  -918. 

Follow  the  33*4  horizontal  from  Scale  I,  to  the  2  ratio  curve 
for  top  compression,  and  the  vertical  to  the  lower  scale  and  read 
top  compression  =  '902. 

Next  apply  Rule  V.  to  find  the  bottom  release  and  compression. 

(a)  Follow  the  9-inch  travel  vertical  to  the  2f  inches  linear- 

advance  curve. 

(b)  Follow  the  horizontal  from  the  linear-advance  curve  to 

both  sets  of  ratio  curves. 
(r)  Follow   the   vertical   from   the  2  ratio   curve  for   bottom 
release  to  the  lower  scale  and  read  bottom  release  = 
•885.      Follow  the  vertical  from  the  2  ratio  cur\'e  for 
bottom  compression  to  the  upper  scale  and  read  the 
bottom  compression  — -928. 
Example  (6)  Each  l.p.  cylinder  of  the  four-crank  engine  exhausts 
to  the  condenser  through  a  pipe  24^  inches  in  diameter.      What 
will  be  the  velocity  of  exhaust  to  the  condenser ;  and  also  the  mean 
of  the  steam  and  exhaust  velocities  through  the  ports  when  the 
speed  of  the  engine  is  120  revolutions  per  minute  ? 

Referring  again  to  Chart  No.  1.  To  find  the  velocity  of  exhaust 
to  the  condenser. 

(a)  Follow  the  120  revolution  horizontal  to  the  48  stroke 

curve. 

(b)  Follow  the  vertical  from  the  stroke  curve  to  the  66  cylinder- 

diameter  curve   and  note   the    horizontal    from   the 
curve. 
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(c)  Follow  the  vertical  from  the  24}  diameter  on  the  upper 

scale  to  the  observed  horizontal  and  read,  at  their  point 

of  intersection,  the  approximate  exhaust  velocity  to  the 

condenser =7000  feet  per  minute. 

To  find  the  mean  of  the  steam  velocities  and  the  exhaust  velocity 

through  the  ports. 

Since  the  mean  port  opening  =  2|  inches,  and  port  width  =  3} 
inches,  and  the  valve  is  double  ported,  the  effective  values  arci 
mean  port  opening  =  6\  inches,  and  port  width  =  7  inches. 

(o)  Follow  the  5J-inch  port  opening  horizontal  to  the  62J-)nch 

(interpolated)  port  length  curve. 
(b)  Follow  the  vertical  from  the  port  length  curve  to  the 
previously  observed  horizontal,  and  at  their  point  of 
intersection  read  the  mean  of  the  steam  velocities  = 
10,000  feet  per  minute. 
Again,  repeat  operations  (r.)  and  (d),  using  the  7-inch  port  width 
value,  and  read  the  exhaust  velocity  through  the  full  port  =  7500 
feet  per  minute  (approx.). 

These  results  can  also  be  obtained  by  calculating  the  port  area, 
starting  from  the  port  area  scale,  and  repeating  operation  (d). 

These  numerical  examples  should  suffice  to  indicate  that,  results 
approximate  enough  for  all  practical  purposes  can  be  obtained 
from  the  Charts,  with  a  minimum  of  calculation,  and  in  much  less 
time  than  it  would  take  to  obtain  them  from  a  valve  diagram.  At 
first  sight  the  working  rules  *  may  appear  cumbersome ;  but  in 
reality  the  operations  they  describe  can  be  rapidly  carried  out 
if  the  charts  are  pinned  on  a  drawing  board  and  a  "f-square 
and  a  set-square  used  to  locate  the  intersections  of  the  lines 
and  curves. 

The  figures  obtained,  in  the  examples,  show  that  on  Chart  No.  1 
port  openings  can  be  got  to  the  nearest  -g\  inch ;  pipe  diameters 
from  3 J  'inches  to  20  inches  to  the  nearest  \  inch ;  while  steam 
velocities  can  be  got,  with  fair  accuracy,  to  the  nearest  100  feet  per 
minute. 

On  Charts,  Nos.  2  and  3,  port  openings  can  be  got  to  the  nearest. 
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^  inch  ;  leads  and  inside  laps  to  the  nearest  ^g  inch  direct,  or  to 
g'v  inch  by  interpolation  ;  valve  travels  to  the  nearest  ^  inch  direct, 
or  i  inch  by  interpolation  ;  while  the  values  of  cut-off,  release,  and 
compression,  can  be  got  correct  to  the  second  decimal,  and  with 
careful  operation,  with  fair  accuracy,  to  the  third  decimal  place, 

IHscussian. 

Mr  E.  T.  Napier  (Member)  said  that  he  had  listened  to  the 
paper  with  great  interest,  for,  in  earlier  years,  he  made  a  special 
«tudy  of  valve  gears,  and  was  familiar  with  Zeuner's  diagram. 
Bather  to  his  disappointment,  however,  no  opportunity  of  design- 
ing a  valve  arrangement  in  its  entirety  had  fallen  to  his  lot.  He 
concluded  that  the  Author  intended  the  curves  to  give  a  close 
approximation  to  the  values  for  port-opening,  lap,  etc.,  and  did 
not  aim  at  superseding  the  valve  diagram  as  drawn  down  in 
regular  form.  He  (Mr  Napier)  owned,  to  a  sentimental  regret, 
that  the  designing  of  valve  gears,  the  job  which  he  well  remem- 
bered looking  upon  as  the  best  job  that  the  drawing  office  could 
•offer,  should  be  reduced  to  a  matter  of  measuring  values  off  a 
«urve ;  although,  with  the  adoption  of  standard  types  of  engine, 
valve  gears  could  hardly  escape  being  standardised  also. 

Mr  James  Andrews  (Member)  expressed  regret  that  Mr 
•Goudie's  paper  had  induced  such  a  meagre  discussion,  as  it  dealt 
with  a  very  important  subject  to  the  engine  designer,  and  one 
upon  which  much  might  be  said.  On  looking  over  the  Charts  one 
oould  scarcely  fail  to  be  impressed  with  the  enormous  amount  of 
thought  and  careful  calculation  which  must  have  been  expended 
on  them  to  bring  them  into  their  present  form,  and  after  putting 
the  Charts  to  a  few  tests,  from  known  data,  he  felt  sure  there 
-could  be  no  question  but  that  they  gave  all  the  information  which 
was  said  to  be  obtainable.  In  the  comparatively  short  time  which 
he  had  been  able  to  devote  to  them  he  thought  that  there  was 
just  II  question  as  to  whether  that  information  was  presented  in 
the  best  possible  form,  because  he  rather  thought  that  the  Author 
had  endeavoured  to  combine  too  much  information  in  one  sheet. 
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Taking  No.  1  Chart,  for  example,  one  commenced  from  revolutions 
per  minute,  followed  the  horizontal  line  to  the  length  of  the 
stroke,  then  the  vertical  piston-speed  line  was  followed  to  the  cylin- 
der diameter,  from  thence  along  to  a  horizontal  line  to  the  speed 
of  steam  line,  and  from  that  point  along  the  vertical  lines  to  the 
port  area,  and  steam  and  exhaust-pipe  diameters ;  or  again,  the 
vertical  and  horizontal  lines  might  be  followed  to  obtain  the 
length  and  width  of  port  on  their  respective  scales.  Now,  while  , 
t  his  operation  would  be  very  simple  to  Mr  Goudie,  who  had  devoted 
much  time  to  the  construction  of  this  Chart,  it  would  be  a  very 
difficult  one  to  the  average  draughtsman  who  had  few  oppor- 
t  unities  of  designing  valves,  with  perhaps  long  intervals  of  time 
between  them.  The  result  of  each  stage  was  useful  information 
recorded,  and  from  his  point  of  view  he  would  prefer  the  Chart  to 
be  sub-divided  into  more  than  one  diagram,  because,  he  found 
from  the  short  experience  he  had  had  of  it,  that  in  the  multiplicity 
-of  lines,  cross  references,  and  scales,  that  one  was  liable  to  make 
mistakes.  It  was  true  that  a  board  and  squares  would  facilitate 
the  operation,  but  those  requisites  were  not  always  at  hand,  many, 
too,  would  prefer  to  keep  their  transactions  with  the  various  rules 
intact,  and  in  any  case  he  thought  that  the  liability  to  err  was  still, 
more  or  less,  present.  He  would  submit  that  it  was  just  as 
•essential  in  a  chart  as  it  was  in  the  case  of  speaking  or  writing,  to 
convey  the  information  in  such  a  way,  not  merely  that  it  would 
be  understood,  but  that  it  could  not  be  misunderstood.  Now, 
take  for  example  a  separate  chart  or  diagram  giving  revolutions, 
stroke  of  engine,  and  piston  speed,  the  required  information  would 
be  read  off  easily,  accurately,  and  with  more  confidence  by  a 
junior  draughtsman,  who  was  perhaps  drawing  a  valve  twice  or 
three  times  in  a  twelve  month,  and  he  would  record  the  result 
before  proceeding  to  the  next  stage.  No  doubt  Mr  Goudie  would 
think  this  method  too  simple,  but  he  (Mr  Andrews)  was 
speaking  more  on  behalf  of  the  draughtsman  who  was  not  design- 
ing a  valve  every  day,  who  was  most  liable  to  err  and  who  would 
derive  an  equal,  if  not  a  greater  benefit  from  Mr  Goudie's  system. 
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Regarding  Chart  No.  2  it  would  be  observed  that  the  amount  of 
lead  was  given  in  fractions  of  an  inch.  Now  while  that  method 
was  very  useful  to  the  man  who  was  setting  the  valve  on  the 
engine,  it  did  not  strike  him  (Mr  Andrews)  as  being  very  intelligible 
to  the  draughtsman  who  wished  to  use  lead  to  the  best  advan- 
tage, and  he  thought  it  preferable  that  the  amount  of  lead  should 
be  stated  in  degrees  of  angle  of  crank,  in  advance  of  the  dead 
centre  or  end  of  piston  stroke.  Lead  was  a  very  arbitrary  factor 
to  deal  with ;  there  was  no  hard  and  fast  rule  about  it.  Some 
engineers  had  the  notion  that  ^7,  ^,  or  ^  of  an  inch  of  lead  was 
the  only  choice  admissible,  but  he  had  given  valves  as  much  as 
an  inch  and  a  quarter  of  lead,  which  was  beyond  the  limit  of  the 
Chart,  without  injuriously  affecting*  the  steam  distribution  at  that 
point  while  greatly  improving  it  at  another.  In  fact  the  amount 
of  lead  should  be  varied  to  suit  the  circumstances  in  each  caHS, 
and  this  could  be  most  intelligently  done  in  degrees  of  angle» 
because  it  was  not  affected  by  the  length  of  valve  travel.  A  12- 
inch  valve  travel  might  appear  to  have  an  abnormally  large 
amount  of  lead  in  fractions  of  an  inch,  while  in  fact  it  was  under 
the  normal  in  degrees  of  angle  as  compared  with  the  smaller 
valve  travels.  Varying  the  lead  within  certain  limits  was  often  a 
great  convenience  in  varying  the  percentage  of  release  or  com- 
pression by  reason  of  the  eccentric  being  turned  one  way  or 
another,  and  that  was  a  relation  which  could  not  be  so  easily 
followed  on  the  Chart  as  on  the  Zeuner  diagram.  It  was  also- 
useful  to  manipulate  the  lead  to  obtain  the  required  port  open- 
ing without  interfering  with  the  valve  travel.  In  his  (Mr  Andrews) 
experience  he  could  not  recollect  having  seen  an  engine  with  too 
much  lead,  although  it  was  sometimes  credited  with  causing  an 
engine  to  knock,  but  it  would  generally  be  found  that  the 
knock  would  disappear  by  linking  up  the  gear,  notwith- 
standing:^ that  the  lead  had  been  increased.  During  the  la8t< 
twenty  years,  he  (Mr  Andrews)  had  been  accustomed  to  using  a- 
comparatively  simple  modification  of  the  Zeuner  diagram  for 
obtaining  the  preliminary  information  for  a  valve  design.   It  would 
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be  easily  understood  by  reference  to  Fig.  5.  The  circle  A  D  B 
was  drawn  ten  units  or  ten  inches  in  diameter  to  any  scale.  The 
length  D  H  was  then  set  ofif  as  the  percentage  of  cut-off  relative  to 
the  stroke  A  B,  so  that  the  crank  would  be  at  K  with  an  infinite 
connecting  rod.  The  angle  of  lead,  E  C  D,  having  being  marked 
off  to  give  5, 10,  or  16  degrees  as  required,  then  draw  the  lines  E  M 
through  C,  E  J  through  K,  EN  through  G,  and  CG  at  right  angles 
to  EJ.  Now  any  length  O  or  O^  parallel  to  CG  measured  to 
give  the  necessary  steam  opening  would  have  the  steam  lap  L  or 
Lj  in  the  same  straight  line,  and  of  course  the  sum  of  L  plus  O 
was  half  the  valve  travel  For  convenience  of  measuring  he  pre- 
ferred to  turn  the  diagram  round  as  in  Fig.  6,  so  as  to  measure 
with  the  rule  or  scale  on  a  horizontal  line.  This  would  be  recog- 
nised as  the  Zeuner  diagram  extended,  so  that  it  was  applicable  to 
any  engine  having  the  same  percentage  of  cut-off  and  angle  of 
lead,  and  since  most  engineers  had  a  standard  practice,  probably 
one  such  diagram  would  serve  for  every  new  design.  The  diagram 
might  also  be  drawn  for  a  definite  connecting  rod,  but  having 
designed  himdreds  of  valves  with  it,  he  found  the  simple  diagram 
as  shown  to  be  near  enough  for  all  practical  purposes  in  a  pre- 
liminary design,  leaving  the  exhaust  edges  till  the  final  valve 
setting  was  required.  He  was  sure  Mr  Goudie's  Charts  would  be 
very  useful  to  those  who  were  designing  valves  often.  They 
embraced  a  considerable  amount  of  information  which  must  have 
given  him  a  great  deal  of  study,  but  as  he  (Mr  Andrews)  had  said, 
he  felt  that  in  the  hands  of  a  junior  draughtsman  it  would  have 
been  better  to  have  had  the  Charts  subdivided. 

Correspondence, 
Mr  J.  F.  Douglas  (Southampton)  considered  that  Mr  Goudie's 
Charts  showed  a  great  deal  of  ingenuity,  a  vast  amount  of  labour, 
patient  calculation,  and  neatness  in  design.  He  heartily  congratu- 
lated him  on  the  results,  and  his  efforts  to  still  further  reduce  the 
time  spent  in  getting  out  the  necessary  data  for  this  important  work. 
In  these  days  of  high  pressure,  slide  rules,  and  calculating  charts 
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had  become  almost  a  necessity  in  the  drawing  office,  and  any  means 
to  expedite  or  readily  check  intricate  calculations  or  graphic  methods 
of  arriving  at  results,  were  readily  welcomed*    Like  all  such  efforts 
to  minimise  labour,  one  had  still  to  draw  on  experience  for  piston 
epeed,  calculations  for  cut-offs  and  mean  pressures,  and  the  requi- 
site leads  needed  consideration.    With  these  arranged,  the  process 
for  fixing  the  other  points  in  slide-valve  design  by  these  Charts 
was  much  simpler  than  by  the  old  time  Zeuner  diagram.      A 
comparatively  short  acquaintance  with  the  Charts  reduced  one's 
labour  to  a  matter  of  minutes  instead  of  hours.     He  had  not  only 
mn  over  the  examples  given  by  Mr  Goudie,  but  had  taken  some 
data  of  his  own,  drawn  by  the  methods  mentioned  by  the  Author, 
and  in  each  case  had  found  very  close  agreement.    He  hoped  Mr 
Goudie  would  give  a  supplementary  paper  and  continue  his  inves- 
tigations for  a  curve  which  would  give  values  for  valve  travel,  etc., 
when  the  gear  was  linked  up  or  out,  as  the  method  for  attaining 
this  was  at  present  somewhat  involved. 

Mr  Goudie,  in  reply,  expressed  his  regret  that  so  few  Members 
had  taken  part  in  the  discussion.      He  was  afraid  that  among 
engineers  there  was  a  feeling  of  distrust  in  the  use  of  the  calcu- 
lating chart,  which  it  did  not  merit.      To  those  who  took  the 
trouble  to  study  the  simple  principles  underlying  the  construction 
of  such  a  chart,  its  operation  was  as  equally  simple  and  reliable  as 
that  of  its  mechanical  equivalent — ^the  compound  slide  rule ;  and 
he  hoped  that  if  the  paper  did  nothing  else,  it  would  help  to  stimu- 
late an  interest  in  this  somewhat  neglected  branch  of  graphics.    He 
desired  to  thank  those  who  had  taken  part  in  the  discussion  for 
their  favourable  comments  on  the  Charts.     Mr  Napier  **  concluded 
that  the  Author  intended  the  curves  to  give  a  close  approximation 
to  the  values  for  port-opening,  lap,  etc.,  and  did  not  aim  at  super- 
seding the  valve  diagram,  drawn  down  in  more  regular  form." 
This  was  just  the  end  he  (Mr  Goudie)  had  in  view,  as  he  had  indi- 
cated, though  perhaps  not  quite  clearly  on  page  140,  when  he 
attacked  the  problem   on  its  graphical   side.      It  was  just   as 
essential  that  the  valve  diagram  should  be  filed  away  with  the 
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rest  of  the  engine  drawings  as  the  drawing  of  the  valve  gear  to 
which  it  was  related ;  and  he  had  no  intention  of  advocating  th& 
abandonment  of  the  di,^bgram  in  favour  of  tabulated  results  obtained 
from  the  Charts.  He  had  aimed  at  the  production  of  a  combina- 
tion of  curves  from  which,  for  given  design  conditions,  the  exact. 
value  of  each  unknown  element  necessary  for  the  construction  of 
the  diagram  could  be  obtained  in  a  few  minutes,  without  any  geo- 
metrical trial  and  error  process.  Once  the  proper  values  of 
cut-oif,  lap,  lead,  etc.,  were  thus  ascertained,  the  draughtsman  had 
simply  to  take  his  instruments  and  embody  the  data  in  diagram 
form  right  away.  It  would  be  found  by  those  who  took  the  trouble 
to  study  Charts  Nos,  2  and  3,  that,  in  addition  to  the  fulfilment  of 
this  primary  condition,  they  afforded  the  means  for  the  rapid 
analysis  of  the  effect  of  varying  any  particular  element  of  a. 
design.  In  the  case  of  the  valve  diagram,  a  separate  construction 
was  necessary  for  each  variation,  whereas,  with  the  Charts,  the 
effects  of  such  variation  could  usually  be  at  once  ascertained  by 
inspection.  The  operation  was  much  quicker,  and  there  was  not. 
the  confusion  of  lines  which  inevitably  resulted  on  the  Zeuner 
diagram  when  it  was  used  for  this  purpose.  He  had  been  at  con- 
siderable pains  to  design  these  Charts,  so  that  the  results  obtained" 
would  be  identical  with  those  given  by  the  Zeuner  construction  i 
and  he  was  pleased  to  note  that  Mr  Douglas  and  Mr  Andrews,, 
who  had  put  them  to  the  test  against  diagram  values,  had  found 
them  satisfactory  in  this  respect.  Mr  Andrews  took  excep-- 
tion  to  the  compounding  of  the  diagrams  on  Chart  No,  1,  on  the*, 
ground  that  the  junior  draughtsman  would  probably  find  a  diffi- 
culty in  operating  it.  He  (Mr  Goudie)  could  quite  understand  the^ 
feeling  of  uncertainty  of  anyone,  unaccustomed  to  chart  manipula- 
tion, on  a  first  trial  of  this  Chart ;  but  he  did  not  think  that  this 
initial  trouble  justified  the  dismemberment  of  the  Chart  as  sug-. 
gested  by  Mr  Andrews.  The  *' junior,"  he  thought,  would  at  the. 
outset  find  just  as  much  trouble  when  started  on  some  line  of  work, 
to  which  he  was  unaccustomed,  but  nobody  would  dream  of  alter- 
ing the   designs   to   save  him   the  trouble  of  thinking  out  his^ 
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^fficulties.  The  difficulty  in  this  case  was,  however,  more 
«ipparent  than  real ;  and  he  thought  that  Mr  Andrews,  and  others 
\irho  were  of  the  same  opinion  regarding  this  Chart,  would  see 
that  this  was  the  case,  if  they  adopted  the  following  simple 
^expedient.  Let  them  take  an  example,  and,  beginning  at  the 
revolution  scale,  convert  the  horizontal  and  vertical  lines  of 
•operation  into  heavy  dotted  lines  standing  out  in  distinct  relief 
from  the  others.  On  each  line  mark  one  or  two  directional  arrow- 
beads,  showing  the  route  from  one  set  of  curves  to  the  next, 
between  the  revolution  and  port-opening  scales.  These  lines  and 
arrow-heads  would  serve  as  guides  to  the  eye  for  any  subsequent 
calculation.  The  port  area  and  pipe  diameters  were  of  a  secondary 
character,  and  should  not  be  mixed  up  with  the  calculation.  For 
their  estimation  a  second  example  should  be  lined  in,  quite  inde- 
{)endently  of  the  other  one.  He  might  go  into  this  secondary 
aspect  of  chart  construction  raised  by  Mr  Andrews,  in  detail,  and 
deal  with  the  various  combinations  which  might  be  adopted, 
and  further  demonstrate  the  fact  that,  although  at  first  sight 
apparently  simpler  for  the  operator,  the  graphical  manipulation 
of  six  elements  in  a  series  of  separate  charts,  involved  more 
liability  to  error  and  time  and  labour  than  the  co-related  set  he 
had  submitted.  As  he  had  already  pointed  out  in  the  paper,  this 
Chart  was  really  subsidiary  to  the  others,  and  on  that  account  he 
did  not  think  it  justified  an  extension  of  his  reply.  Mr  Andrews 
took  exception  to  the  linear  lead,  and  advocated  angle  of  lead 
instead,  while,  at  the  same  time,  he  admitted  that  the  linear  value 
was  "very  useful  to  the  man  who  was  setting  the  valve  on 
the  engine."  He  (Mr  Goudie)  would  be  inclined  to  go  further, 
and  say  that  it  was  a  necessity  for  the  erector,  if  he  was  to 
embody  the  designers  ideas  properly  in  the  engine.  He  did  not 
see  therefore  why  the  draughtsman  should  mix  up  angular  and 
linear  values  when  getting  out  his  diagram,  as  in  every  case  he 
had  to  ascertain  the  values  of  linear  lead  and  linear  advance  for 
shop  purposes.  He  thought  this  was  a  generally  accepted  fact ; 
and  for  one  designer  who  used  angular  values  there  were  pro- 
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bably  ten  who  used  linear  ones  directly  in  their  oonstractioiid« 
Referring    to  Mr  Andrews'  diagram,   Fig.   5,    and   taking   for 
illustration  C  D  as  the  actual  eccentricity  or  half-travel  of  the 
valve,  he  thought  that,  from  the  constructional  point  of  view  it 
was  easier  and  handier  to  draw  in  the  lead  circle  with  D  as  centre^ 
and  then  draw  EKJ  tangent  to  it  in  the  ordinary  way  thus 
obtaining  the  point  E,  than  to  set  off  a  small  lead  angle  DEC 
with  a  protractor  or  scale  of  chords.     Mr  Andrews'  diagram,  how- 
ever, was  drawn  with  C  D  as  a  standard  radius  and  not  as  the 
absolute  or  actual  eccentricity  for  any  given  case,  and  of  course 
under  this  condition  it  was  necessary  to  use  the  angular  lead 
value,  which  was  proportional  to  the  ratio  between  the  linear  lead 
and  the  actual  eccentricity  to  be  considered.     The  diagram  really 
represented  the  initial  stage  of  the  Zeuner  construction,  adapted, 
through  the  medium  of  the  auxiliary  construction  line  E  N,  for  the 
determination  of  the  ratio  P^^  -opemng  ^.^j^  varying  travel,  con- 
stant lead,  and  constant  cut-off.      It  was  slightly  more  elastic 
than  the  parent  diagram,  but  it  still  necessitated  the  redrawal  of 
the  construction  lines  for  every  alteration  of  cut-off  and  lead 
angle,  and  it  did  not  reveal  the  disturbance  of  the  setting  due  to 
the  finite  connecting  rod.      Mr  Andrews  stated  that,  after  long 
experience,  he  had  found  this  diagram  sufficiently  good  for  pre- 
liminar}'  design  purposes ;  but  he  thought  Mr  Andrews  would, 
as  a  rule,  require  to  do  a  little  final  trial  and  error  work  when  he 
drew  out  his  complete  Zeuner.     This  brought  the  discussion  back 
to  the  initial  trial  and  error  conditions  which  he  had  set  himself  to 
eliminate,  by  endeavouring,  in  chart  form,  to  take  account  of  every 
variable  of  the  problem,  except  that  of  the  eccentric  rod  obliquity 
which  was  always  neglected  in  practice.      Mr  Andrews  thought 
that  the  variations  of  compression  and  release,  due  to  alteration  of 
the  lead  angle,  or,  what  was  the  same  thing  the  angle  of  advance 
$,  could  not  be  as  readily  followed  on  Chart  No.  3  as  on  the 
Zeuner  diagram.     He  (Mr  Goudie)  had  shown  in  the  paper  that 
the  crank  angle  at  compression  or  release  was  y  =  (6^  ji<«>),  and 
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that  the  values  on  Scales  I.  and  II.  were  really  values  of  6  and  w 

in  degrees,  so  be  thought  that  any  one  who  had  mastered  the 

principle  of  the  combination  would  find  no  difficulty  in  making 

an  equally  quick  estimate  from  Chart  No.  3,  either  by  using  the 

angular  or  linear  alteration  of  the  lead.      With  regard  to  the 

manipulation  of  the  lead  to  get  a  given  port  opening  with  a  fixed 

travel,  be  thought  that,  for  this  purpose,  Chart  No.  2  rather 

scored  over  the  geometrical  method.      This  was  one  of  the  many 

analytical  operations  for  which  the  Charts  could  be  Used.     By 

following  the  cut-off  vertical  to  the  connecting-rod  ratio-curve, 

then  the  horizontal  to  the  fixed  travel  curve,  then  the  vertical  from 

this  travel  curve,  across  the  sixteen  lead  curves,  sixteen  values  of 

port-opening,   and    corresponding    outside    laps    were    at    once 

determined  by  simple  inspection.     How  long  would  it  take  to  get 

this  information  by  construction  from  a  diagram  ?      Mr  Douglas' 

remarks  were  more  complimentary  than  critical,  and  he  did  not 

think  he  could  add  much  more  in  the  way  of  comment  than  he 

had  already  done,  except  to  touch  on  the  interesting  point  Mr 

Douglas  had  raised  regarding  the  application  of  the  chart  method 

to  an  analysis  of  the  Stephenson  link  motion.     Since  he  read  the 

paper  he  had  acted  on  the  suggestion  thrown  out,  and  by  a 

judicious  "  method  of  approximation"  had  evolved  two  equations 

which  could  be  embodied  in  chart  form.      The  first  of  these  dealt 

with  the  alteration  of  linear  lead  due  to  any  degree  of  ''  linking  in" 

between  "  full "  and  "  mid  "  gear  ;  and  the  second  dealt  with  the 

corresponding  variations  of  valve  travel,  on  the  assumption  that 

there  was  no  slotting  action  of  the  block  in  the  link.      He  had 

constructed  two  charts  in  skeleton,  but  had  been  forced  to  lay  the 

matter  aside  in  the  meantime,  and  was  not  in  a  position  to  judge 

whether  or  not  such  a  combination  would  be  of  any  practical 

value  in  the  drawing  office.      The   subject  was  difficult,   and 

demanded  more  time  and  study  than  he  was  able  to  devote  to  it 

at  present.      He  hoped  in  the  light  of  what  had  been  said  that 

although  the  discussion  had  been  meagre,  those  Members  who 

\7ere  frequently  dealing  with  valve  design  would  give  the  Charts 
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a  good  trial,  and  if  they  did  so  he  was  sure  that  they  would  find, 
as  Mr  Andrews  remarked,  that  they  were  "  very  useful  '*  for  pre- 
liminary design  or  analytical  purposes.  There  was  just  one  point 
which  had  not  been  raised,  but  to  which  bis  attention  had  been 
directed  privately,  that  was  the  size  of  the  Charts,  Nos.  2  and  3, 
in  the  transactions,  which  had  been  reduced  to  about  half  the  size 
of  the  original.  He  had  found  by  actual  trial  that  the  operation 
of  these  Charts  was  much  easier  on  the  larger  size,  due 
to  the  wider  spacing  of  the  curves,  and  he  would  suggest  that 
those  who  wished  to  make  the  most  of  the  combinations, 
should  get  the  Charts  enlarged,  say  from  two  to  three  times  the 
size  of  the  lithographed  ones,  and  adopt  the  following  colour 
distinctions.  Draw  the  heavy  lines  in  black,  the  light  lines  in 
blue,  and  the  dotted  lines  in  red.  He  had  done  this  in  other  cases 
and  found  that  it  greatly  facilitated  the  operation  of  the  Charts. 
The  enlargement  could  be  easily  and  quickly  done  by  means  of  a 
pair  of  proportional  dividers,  or  by  simply  transferring  lengths  on 
the  edge  of  a  slip  of  paper. 

On  the  motion  of  the  President,  Mr  Goudie  was  awarded  a  vote 
of  thanks  for  his  paper. 


1^' 


THE  FRAHM  SPEED  INDICATOR 
By  Mr  W.  C.  Mabtin  (Member). 


SEE    PLATE   XIII, 


mh  December y  J  905, 
Mil  W.  C.  Maetin  exhibited  the  Frahm  speed  and  frequ- 
ency indicator,  and  explained  its  action.  The  instrument,  he 
said,  which  had  been  adopted  by  the  Corporation  of  Glasgow, 
was  not  only  a  speed  indicator,  but  it  also  indicated  the  frequency 
of  alternating  electric  currents.  The  invention  was  due  to 
Mr  Hermann  Frahm,  and  was  based  on  the  employment  of  the 
principle  of  resonance,  which  was  the  property  that  elastic  bodies 
posssessed  of  being  set  in  vibration  if  subjected  to  rhythmic 
impulses,  the  frequency  of  which  corresponded  with  the  natural 
period  of  vibration  of  the  bodies  themselves.  The  instrument  was 
the  result  of  Mr  Frahm 's  experiments  on  the  torsional  vibrations 
in  propeller  shafts.  The  inventor  did  not  cease  his  investigations 
when  he  found  a  means  of  suppressing  the  dangers  of  resonance, 
but  went  forward  and  employed  the  same  principle  for  measuring 
speeds,  and  his  experiments  had  resulted  in  the  discovery  of  the 
present  form  of  speed  indicator.  The  fundamental  part  of  the 
indicator  consisted  of  a  spring  of  the  best  watch  spring  steel 
Fig,  1 ,  the  dimensions  for  ordinary  purposes  being  from  1 J  to  2 
inches  in  length,  J  of  an  inch  wide,  and  ^^^^  of  an  inch  thick.  These 
sizes  permitted  of  a  convenient  adjustment  of  the  apparatus,  and 
were  sufficient  for  most  practical  purposes.  They  might  be  varied 
in  accordance  with  any  special  application.  These  springs  were 
set  in  a  slit,  cut  in  a  small  rectangular  shoe,  to  which  they  were 
firmly  pinned  and  soldered.  At  its  upper  end,  each  spring  was 
bent  over  at  right  angles  for  about  |  of  an  inch,  and  the  head  thus 
formed  was  covered  with  white  enamel  so  as  to  render  it  easily 
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visible.     In  the  aDgle,  which  the  head  made  with  the  stem  of  tbe 
spring,  was  placed  a  small  drop  of  solder.    The  number  of  vibra- 
tions that  such  a  spring  would  make,  depended  primarily  on  tde 
length  of  the  vibrating  part  and  the  weight  of  the  head,  as  it  w&s 
made  of  a  material  as  uniform  as  possible  in  quality  and  thickness, 
so  that  any  desired  period  between  the  limits  of  35  and  100  vibra- 
tions per  second  could  be  obtained.     By  the  employment  of  thinner 
and  longer  or  shorter  and  thicker  springs,  the  range  of  measure- 
ment could  be  extended  either  up  or  down,  so  that  in  most  cases 
a  sufficiently  long  scale  for  normal  measurements  could  be  obtained. 
A  range  of  25  springs,  attuned  to  various  periods,  and  spaced 
1.  mm.  apart,  was  illustrated  by  Figs.  2  and  3.     Similar  combs 
could  be  arranged  to  contain  100  or  more  units  as  required.     Mr 
Martin  showed  an  experiment  made  with  an  ordinary  gyroscope, 
Fig.  4,  by  placing  a  small  comb  of  springs  on  one  of  the  pivot 
screws.     In  all  rapidly  running  machines,  where  the  number  of 
revolutions  per  minute  was  a  thousand  and  over,  the  instrument 
might  be  directly  attached  to  the  machine,  and  for  steam  turbines  it 
was  now  being  employed  generally,  as  the  method  had  proved  most 
advantageous.      Another  method  for  the  production  of  vibrations 
was  to  employ  a  tappet  wheel  or  cam.     Such  a  cam  was  fixed  on 
the  shaft,  the  speed  of  which  it  was  desired  to  measure,  and  worked 
against  a  lever  which  was  thereby  caused  to  vibrate.     The  vibra- 
tions could  be  transmitted  to  one  of  the  combs  by  placing  it 
directly  on  the  other  end  of  the  lever,  or  it  might  be  connected 
with  the  lever  by  means  of  a  rod,  wire,  or  string.  Figs.  6,  7,  and  b. 
Should  it  be  necessary  to  measure  the  speed  of  a  machine  at 
greater  distances,  it  would  be  better  to  employ  electrical  transmis- 
sion.    If  it  were  desired  to  measure  the  speed  of  a  machine  which 
did  not  furnish  alternating  currents,  one  must  use  a  special  alterna- 
ting current  generator,  and  a  generator  of  the  simplest  form  con- 
sisted of  a  toothed  disc  of  soft  iron,  which  rotated  close  to  the  pole 
pieces  of  a  permanent  magnet  on  which  were  wound  two  small 
coils,    as    shown    in    Fig.    8.      The   revolving   armature    might 
be  fixed  direct  to  the  shaft,   the  revolutions  of  which  it  was 
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desired  to  measure,  or  the  driving  power  might  be  transmitted 
from  the  shaft  to  the  revolving  inductor  by  means  of  a  small  belt. 

The  indications  of  the  apparatus  did  not  vary  in  the  least  with 
the  lapse  of  time,  even  in  the  case  of  apparatus  which  had  been 
worked  continuously  for  nearly  four  years.  Single  springs  had 
during  that  period  made  more  than  one  thousand  million  vibra- 
tions, but  they  had  not  experienced  any  detrimental  change,  and 
still  possessed  their  original  natural  period.  The  number  of 
vibrations  per  second  was  not  in  the  least  influenced  by  the 
manner  in  which  the  impulses  were  set  up,  nor  by  the  amount 
of  movement  of  the  cam,  nor  by  the  nature  of  the  electrical 
transmission.  In  the  latter  case  the  degree  of  accuracy  of  the 
indications  was  not  affected  by  the  variation  in  the  resistance  of 
the  conducting  wires,  nor  the  voltage  of  the  magneto-generator. 
In  fact,  the  accuracy  depended  solely  on  the  frequency  of  the 
impulses. 

From  the  description  of  the  apparatus,  it  would  be  obvious 
that  the  electrically  actuated  vibrator  might  be  conveniently 
used  for  ascertaining  the  frequency  of  alternating  current 
machinery,  or  the  interruptions  of  a  continuous  current  circuit, 
and  determining  the  number  of  revolutions  per  minute  of  any 
shaft.  Fig.  5  illustrated  the  apparatus  used  for  electrically 
registering  the  speed  of  any  number  of  machines  from  a  con- 
venient centre. 

The  President  moved  a  vote  of  thanks  to  Mr  Martin  for  his 
exhibition  of  the  Frahm  Speed  Indicator,  and  said  machines  were 
run  now  at  such  a  pace  that  it  was  difficult  to  count  the  revolu- 
tions. This  was  a  most  ingenious  instrument,  it  appeared  well 
adapted  for  high  speed  indications,  and  there  was  very  little  about 
it  liable  to  be  become  defective,  which  spoke  very  much  in  its 
favour. 

The  vote  of  thanks  was  carried  by  acclamation. 


THE   SCREW   PROPELLER   CONTROVERSY. 
By  Mr.  James  Howden  (Member). 


SEE    PLATE    XIV. 


Bead  23rd  January,  1906. 


The  following  introductory  remarks  explain  the  circmnstances 
which  have  led  me  to  bring  this  subject  before  this  Institution 
at  the  present  time. 

In  November,  1895,  Dr.  Caird  read  a  paper  here  on  '*  Propeller 
Diagrams,"  the  curves  of  which  he  explained  he  had  constructed 
from  the  diae^rams  given  in  a  paper  read  by  Mr  R.  E.  Proude 
before  the  Institution  of  Naval  Architects  in  1886,  on  *'  The 
Determination  of  the  Most  Suitable  Dimensions  of  Screw  Pro- 
pellers." Dr.  Caird  said  this  paper  ''marked  an  epoch  in  the 
investigation  of  the  properties  and  behaviour  of  the  Screw  Pro- 
peller," and  characterised  Mr  Froude's  work  in  this  paper  as 
"beyond  praise." 

In  the  discussion  of  Dr.  Caird*s  paper  in  the  following  month,  I 
took  exception  to  Dr.  Caird's  estimate  of  the  value  of  Mr  Froude's 
investigation  of  the  action  of  the  propeller  and  his  conclusions 
thereon.  The  reasons  I  gave  for  my  dissent  from  Dr  Caird's 
estimate  of  Mr  Froude's  work  were,  that  the  formulae  on  which 
his  diagrams  and  curves  representing  values  of  thrust,  efficiency, 
etc.,  were  constructed,  were  incompetent  to  fulfil  the  purposes 
aimed  at;  the  treatment  of  the  subject,  as  a  whole,  being  based 
on  erroneous  conceptions  of  the  real  action  of  the  screw  in 
propelling,  and  of  the  quantities  of  water  put  in  motion  under 
given  conditions  of  diameter,  pitch,  and  slip. 

As  an  example  of  the  incompetent  character  of  Mr  Froude's 
formulee,  given  in  the  fifth  proposition  of  his  1886  paper,  from 
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which  hoth  his  and  Dr.  Caird's  diagrams  were  made  up,  I  showed 
its  application  to  a  case  where  two  screws,  tried  in  the  same  ship,, 
gave  equal  speeds  with  the  same  revolutions  and  power  of  engines, 
these  screws  differing  only  in  diameter  and  shape  of  blades.  A 
proper  formula  applied  to  these  two  cases  should,  therefore,  have 
shown  the  thrust  ordinates  equal ;  but  Mr  Froude*s  formula, 
when  applied  to  these  two  cases,  showed  a  difference  in  results 
of  nearly  45  i)er  cent.,  thus  proving  its  incompetency  in  a  very 
marked  degree. 

As  an  example  of  the  erroneous  conceptions  of  the  screw's 
action,  which  give  rise  to  such  formula  and  diagrams  as  those 
of  Mr  Froude,  I  called  attention  to  the  theory  of  the  screw 
propeller,  as  given  by  Professor  Rankine  in  his  paper  "  On  the 
Mechanical  Principles  of  the  Action  of  Propellers,"  published  in 
the  Transactions  of  the  Institution  of  Naval  Architects  for  1865, 
which  I  had  previously  fully  proved  to  be  en-oneous,  I  also 
referred  to  the  mistaken  views  of  Dr  W.  Froude,  as  given  in  his 
paper  **0n  the  Elementary  Relation  between  Pitch,  Slip  and  Pro- 
pulsive Efficiency,"  read  before  the  same  Institution  in  1878,  in 
which,  among  other  incorrect  views,  it  was  enunciated,  **that 
instead  of  its  being  correct  to  regard  a  large  slip  as  a  proof  of 
waste  of  power,  the  opposite  conclusion  is  the  true  one.  To 
assert  that  a  screw  works  with  unusually  little  slip  is  to  give 
a  proof  that  it  is  working  with  a  large  waste  of  power." 

Of  both  Prof.  Rankine's  theory  and  Dr.  Fronde's  conclusions 
on  the  effect  of  slip — for  the  latter  did  not  formulate  any  definite 
theory  of  the  propeller's  action,  but  apparently  accepted  in  general 
Prof.  Rankine's  views — I  had  given  illustrations  with  geometrical 
and  quantitative  proofs  of  the  erroneous  conclusions  held  by  those 
eminent  men  at  the  discussion  of  Dr.  Caird's  paper  in  December, 
1895.  These  illustrations  were  taken  chiefly  from  my  paper,  read 
in  1890  before  the  Institution  of  Naval  Architects.  The  vital 
errors  of  Prof.  Rankine's  theory  I  had,  however,  previously 
demonstrated  in  two  papers,  read  before  this  Institution  in  1878 .. 
and  1879  respectively. 
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In  the  following  month,  January  1896,  I  attended  the  adjourned 
discussion  expecting  to  hear  Dr.  Caird's  reply  to  my  criticism. 
On  entering  the  hall  a  few  minutes  after  eight  o'clock,  I  found 
Dr.  Gaird  addressing  the  meeting,  but  heard  no  reference,  after  I 
entered,  to  my  remarks  on  his  paper. 

I  happened  to  be  away  from  Glasgow  in  February,  and  missed 
seeing  the  Transactions  issued  that  month,  which  contained  tbe 
report  of  the  January  meeting  and  Dr.  Caird's  remarks. 

Being  much  engaged  at  that  time,  I  soon  forgot  the  matter,  and 
it  was  only  when  looking  over  the  Transactions  of  1895-6  for  some 
other  purpose,  four  or  iive  years  after  these  were  published,  that 
I  came  upon  a  lengthy  criticism,  by  Dr.  Gaird,  of  my  remarks  on 
his  paper  on  '*  Propeller  Diagrams,"  which  I  had  failed  to  hear, 
or  see,  in  1896.  This  criticism,  to  my  surprise,  contained  state- 
ments of  a  character  so  depreciatory  and  incorrect,  that  my  failing 
to  challenge  them,  would,  in  my  opinion,  have  been  inexcusable. 

A  severe  illness,  however,  soon  after  I  lighted  on  Dr.  Caird's 
remarks,  prevented  me  from  dealing  with  the  matter  at  that  time 
as  I  intended,  and  although,  since  then,  I  have  more  than  once 
begun  preparations  for  a  reply,  it  is  only  now  that  I  have  been  able 
to  put  it  into  the  form  of  this  paper. 

The  statements  of  Dr.  Gaird,  as  given  in  the  Transactions  for 
1895-6,  which  have  led  to  the  writing  of  this  paper,  are  as 
follows : — 

*'Mr  Howden's  remarks  fall  naturally  into  three  categories. 
The  first  was  a  brief  and  not  unsympathetic,  if  somewhat 
inaccurate  account  of  the  paper  he  was  criticising.  The  second 
was  a  concrete  example  which  was  intended  to  prove  tbe  fallacy 
of  Froude's  6th  proposition ;  the  third  was  in  the  form  of  copious 
quotations  from  previous  papers  of  his  own.  He  proposed  to  take 
up  Mr  Howden's  third  category  first." 

"  Of  Mr  Howden's  attack  on  Froude  and  on  Rankine,  the  most 
complete  and  conclusive  refutation  was  to  be  found  in  the  discussions 
which  folloivcd  the  papers  to  which  Mr  Howden  referred.  He 
would  particularly  direct  the  attention  of  any  one  interested  to  Mr 
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Froude's  remarks  on  Mr  Howden's  i8go  paper,  read  before  the 
Institution  of  Naval  Architects,  It  would  be  a  work  of  mere 
supererogation  to  add  anything  to  these  remarks,'^ 

These  unqualified  assertiouR  of  Dr.  Caird,  unsupported  by  one 
word  of  proof,  that  my  papers  on  the  screw  propeller  were,  in  the 
discussions  which  followed  their  reading,  so  completely  and  con- 
clusively refuted  as  to  make  any  further  remarks  by  him  a  mere 
work  of  supererogation,  are,  I  believe,  unique  in  the  records  of  the 
discussions  of  this  Institution.  Meantime,  I  shall  only  say,  that 
if  these  assertions  were  even  but  partially  correct,  they  would 
make  any  defence  on  my  part  either  an  impertinence  or  an  evi- 
dence of  mental  incapacity.  But  this  defence  of  my  writings  on 
the  Screw  Propeller,  when  carefully  read,  will  not,  I  believe,  be 
accounted  for  by  either  of  these  alternatives.  I  undertake  to 
show  conclusively  that  Dr.  Caird's  statements  are  entirely  con- 
trary to  fact. 

The  following  facts  pertaining  to  my  papers  and  the  discussions 
thereon,  should  of  themselves  go  far  to  controvert  these  statements 
of  Dr.  Caird. 

As  a  screw  of  any  given  size,  shape,  and  pitch,  and  its  move- 
ments in  propelling,  can  by  proper  analysis  be  accurately  ascer- 
tained and  delineated  geometrically  in  every  part  through  each 
revolution  and  at  all  per  centages  of  slip,  the  exact  movement  and 
velocity  given  to  the  water  by  the  screw  at  every  point  can,  there- 
fore, be  accurately  ascertained  and  calculated. 

All  my  former  papers,  four  in  number,  demonstrating  the 
true  action  of  the  screw  propeller,  from  the  first  read  in  1877  to 
the  last  in  1890,  were  based  on  this  strict  geometrical  investiga- 
tion of  the  action  of  the  propeller  under  all  conditions  of 
dimensions,  shape,  pitch,  slip  and  velocity,  so  that  the  propeller's 
action  by  such  analysis  was  proved  geometrically  and  quantita- 
tively, as  absolutely  as  any  other  geometrical  problem,  such  as, 
"The  sum  of  the  angles  of  any  triangle  is  equal  to  two  right 
angles,*'  etc. 

Further,  none  of  the  professional   experts  or  writers  on  the 
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screw  propeller  known  to  me,  including  Eankine,  W.  Froude 
R.  E.  Froude,  S.  W.  Barnaby,  etc.,  have  taken  the  precautioi 
to  found  their  theories  and  formulae  on  this  geometrical  investiga 
tion,  or  on  actual  facts.  Consequently,  all  their  arguments  an( 
formulae  as  applioJ  to  the  screw  propeller  are,  I  am  compelled  u 
say,  founded  on  erroneous  assumptions,  and  have  no  scientific  basi 
whatever.  This  is  a  strong  statement,  but  there  should  be  no  diffi 
culty  in  proving  its  correctness  to  those  who  will  fully  study  this  o; 
my  former  papers.  This  expectation  is  supported  by  the  significan 
fact  that  though  in  the  discussion  of  my  paper  of  1890  at  the 
Institution  of  Naval  Architects,  mathematicians  of  the  highes 
rank  whose  theories  I  had  controverted  took  part,  not  om 
challenged  my  geometrical  and  other  demonstrations,  either  o: 
the  true  action  of  the  screw  or  of  the  erroneousness  of  the  theories 
of  Rankine,  Froude,  and  others. 

It  will  be  conceded,  by  those  competent  to  judge  of  such 
matters,  that  when  a  demonstration  is  submitted  of  the  move 
ments,  however  complicated,  of  a  material  body  of  giver 
dimensions,  and  supported  by  geometrical  and  quantitative  proofs, 
it  is  exposed  to  instant  detection,  if  incorrect,  by  all  capable  oi 
investigating  these  proofs. 

As  I  have  submitted  such  proofs  in  every  paper  I  have  read, 
without  in  any  one  instance — pace  Dr.  Caird  —  having  tbeii 
correctness  even  challenged,  I  submit  that  this  fact  could  only 
have  occurred  because  they  were  correct,  and  this  more 
especially  as  those  most  interested  in  confuting  them  were 
thoroughly  competent  to  detect  errors  in  the  proofs  submitted,  il 
they  had  existed.  These  being  the  facts  in  the  history  of  this 
controversy,  I  have  every  reason  to  hope  that  all  who  carefully 
follow  the  remainder  of  this  paper  will  eventually  agree  that  the 
above  statement  regarding  the  errors  of  the  hitherto  recognised 
professional  experts  is  fully  justified. 

The  Eankine  theory  of  the  propeller  has  been  held  as  authori- 
tative by  professional  experts  since  its  publication  in  1865,  to 
the  present  day.     This  has  doubtless  been  greatly  owing  to  the 
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deservedly  high  reputation  of  its  author,  and  to  the  natural 
indolence  which  aflfects  us  all  more  or  less,  and  hinders  our  engage- 
ing  in  any  severe  study.  The  further  consideration  of  the  subject 
at  this  time  by  this  Institution  should,  therefore,  be  a  matter 
of  considerable  scientific  interest,  and  if  fully  carried  oiit,  should 
put  an  end  to  the  numerous  fallacies  and  the  confused  and 
contradictory  ideas  which  continue  to  discredit  screw  propeller 
literature. 

It  is  now  over  twenty-eight  years  since  I  read  my  first  paper 
on  this  subject.  A  new  generation  of  Members  has  grown  up 
since  then  under  advantages  of  scientific  education  not  possessed 
by  their  predecessors,  so  that  the  subject  matter  of  the  paper 
should  be  more  generally  followed  now  than  when  it  was  first 
produced.  As  probably  few  of  the  present  Members  of  the 
Institution  have  read  these  papers  of  mine,  so  summarily  dealt 
with  by  Dr.  Caird,  it  appears  to  me  necessary,  in  order  to  give 
an  opportunity  to  these  Members  and  others,  of  judging  for  them- 
selves whether  Pr.  Caird's  statements  regarding  my  papers  are 
according  to  fact  or  otherwise,  that  I  present  the  subject  anew 
before  the  Institution. 

I  propose  to  deal  with  the  subject  by  dividing  it  into  sections 
in  the  following  order: — 

(1)  To  describe  shortly  how  I  was  led  at  first  to  take  up 

this  subject  of  screw  propellers,  and  to  give  a  short 
account  of  the  several  papers  and  the  circumstances 
which  led  them  to  being  read. 

(2)  Demonstration  of  the  true  action  of  the  propeller  on  the 

water  by  geometrical  analysis,  proving  the  actual 
movements  imparted  to  the  water  by  the  blades  in 
propelling. 

(3)  Examination  of  Prof.  Eankine's  theory  of  the  reaction 

of  the  propeller  and  demonstration  of  its  complete 
erroneousness. 

(4)  Description  of  the  true  basis  of  the  reaction  of  screw 

propellers. 

12 
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(5)  Examination  of  the  discussions  referred  to  by  Dr.  Caird 

of  the  various  papers  read  in  Glasgow  with  comnaents 
thereon,  also  of  the  paper  of  1890  specially  noticing 
Mr  R.  E.  Fronde's  remarks  to  which  Dr.  Caird  called 
particular  attention. 

(6)  Examination  of  Dr.  Caird's  criticism  of  my  remarks  on 

his  paper  on  "  Propeller  Diagrams  "  of  1895-6,  with 
concluding  remarks  on  the  controversy. 

I  feel  fortunate  in  having  an  Institution  so  suitable  as  ours  for 
the  further  consideration  of  this  subject,  as  its  forms  give  full 
opportunity  to  every  one  interested  to  leisurely  study  the  matters 
at  issue  before  the  discussions  are  closed.  It  is  therefore  pre- 
ferable in  this  respect,  to  such  Institutions  as  that  of  the  Naval 
Architects,  where  the  discussions  must  close  immediately  after 
the  reading  of  the  papers.  This  Institution  has  also  the  advantage 
of  having  among  its  most  active  members  the  Professors  of 
Engineering  and  Naval  Architecture  in  our  University,  and  also 
the  Professors  of  Engineering  and  allied  subjects  in  our  Technical 
College,  all  of  whom  I  trust  will  do  me  the  honour  of  thoroughly 
investigating  the  demonstrations  and  arguments  I  have  to  submit. 

Coming  now  to  the  several  divisions  of  the  subject,  I  believe 
that  the  first,  which  recalls  the  circumstances  which  led  to  my 
taking  up  this  subject,  vnll  be  of  interest,  and  will  tend  to  the 
better  understanding  of  these  papers  as  a  whole. 

First. — When  the  Institution  of  Naval  Architects  held  its 
summer  session  in  Glasgow  in  1877  in  conjunction  with  this 
Institution,  I  was  asked,  as  a  Member  of  the  latter,  to  prepare 
a  paper  on  some  suitable  subject,  to  be  read  at  the  joint  meeting. 
At  that  time  I  was  constructing  propellers  with  portable  blades  of 
forged  steel,  machined  all  over,  to  make  them  true  in  pitch  and 
thinner  than  any  cast  steel  blades  then  used.  These  propellers 
were  designed  with  the  object  of  reducing  the  axial  resistance,  due 
to  the  greater  displacement,  and  increased  negative  pressure  behind 
thicker   blades,    when   revolving   at   a  high   velocity.      It   had 
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happened  also  that  a  few  years  before  this  period  I  had  noticed  a 
paper  on  "  The  Screw  Propeller,"  by  Mr  Arthur  Eigg,  read  before  the 
Institution  of  Naval  Architects,  and  other  Institutions  with  much 
commendation.  In  this  paper  Mr  Bigg  illustrated  by  diagrams 
his  views  of  the  extent  and  direction  of  the  motions  imparted  to 
the  water  by  the  blades  of  the  screw  in  propelling. 

As  the  motions  of  the  water,  represented  by  the  diagrams, 
appeared  to  me  to  be  clearly  impossible,  I  therefore  proposed 
to  write  a  paper  for  this  meeting  on  the  screw  propeller,  with 
the  twofold  purpose  of  calling  attention  to  some  erroneous  ideas 
regarding  the  action  of  the  screw  blades  on  the  water  by  a 
demonstration  of  the  motions  actually  generated,  and  of  showing 
the  form  and  purpose  of  the  propellers  I  was  then  constructing. 
In  preparing  this  paper,  it  appeared  to  me  necessary,  in  order  to 
give  a  true  geometrical  exhibition  of  the  action  of  a  blade  on  the 
water  at  various  percentages  of  slip,  to  make  complete  drawings 
of  the  motions  of  a  propeller  blade  of  given  size  and  pitch ;  I  used 
one  for  this  purpose,  then  working  on  an  Anchor  Line  steamer, 
taking  the  normal  revolutions  at  60  per  minute.  The  preparation 
and  analysis  of  these  drawings  were  to  me  of  the  greatest  value, 
as  many  hitherto  vague  and  indefinite  ideas  regarding  the  actual 
effect  of  the  blades  on  the  water  became  clear  and  self-evident,  as 
every  geometrical  problem  must  become  when  correctly  solved. 
This  paper,  which  is  recorded  in  the  Transactions  of  the  Institu- 
tion of  Naval  Architects  for  1877,  sets  forth  the  above  objects  as 
fully  as  I  could  do  in  an  article  which  was  required  to  be  read  in 
twenty  minutes. 

When  so  far  advanced  with  this  paper,  I  fell  upon,  for  the  first 
time,  Prof.  Eankine's  famous  paper  ''On  the  Mechanical  Principles 
of  the  Action  of  Propellers."  *  I  began  to  read  this  paper  with 
much  interest,  the  great  scientific  ability  of  its  author  leading  me 
to  anticipate  much  instruction  from  its  perusal.  At  the  first 
reading,  I  felt  I  had  not  been  able  to  follow  the  argument 
appreciatively,  though  I  tried  hard,  believing  my  failure  to  be 
^Transactions,  Institation  of  Naval  Architects,  1865. 
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due  to  my  own  obtuseness.  As  a  second  reading  yielded  no 
better  results,  I  laid  aside  Prof.  Rankine's  paper  and  completed 
my  own  on  the  lines  on  which  I  had  already  begun. 

The  fuller  working  out  of  my  paper,  and  a  further  perusal   of 
Prof.  Rankine's,  eventually  absolutely  convinced  me  that  Prof. 
Bankine  had  entirely  mistaken   the  nature  and  extent  of    the 
motions  generated  by  the  action  of  the  screw  blades,  and  tbat 
in  consequence,  the  theory  he  had  founded  on  this  erroneous 
basis  was  radically  wrong.      I  further  became  convinced   that 
Prof.    Bankine's   mistake  had   arisen  from  his  neglect  to   make 
a  geometrical  investigation  of  the  movement  of  a  screw  blade 
making  slip.     I  then  brought  a  second  paper  before  this  Institu- 
tion in  the  ensuing  session  of  1877-78,  setting  forth  much  more 
fully  the  principles  embodied  in  my  paper  of  1877,  demonstrating 
the  true  action  of  the  propeller,  and  also  calling  attention  to  the 
erroneous   basis  of   Prof.   Rankine's   theory.      In  the  adjourned 
discussions  which  followed  the  reading  of  this  paper,  one  Member 
called  in  question  my  objections  to  Prof.  Rankine's  theory,  though 
no   attempt   whatever  was   made  to    prove   my     demonstrations 
incorrect.     This  led  me  to  read  a  third  paper  in  the  session  of 
1878-79  "On  the  Reaction  of  the  Screw  Propeller,  with  a  Re\dew 
of   the  Theory  of  the  late  Prof.  Rankine,"  in  which,  besides  a 
demonstration  of  its  irreconcilability  with  facts,  I  proved  also  its 
erroneous  conception  by  diagrams  and  by  the  application  of  Prof. 
Rankine's  own  formula  to  actual  cases. 

In  the  discussions  which  followed  the  reading,  and  in  that 
which  took  place  fully  six  months  after  (for  this  discussion,  like 
that  of  the  previous  paper,  was  adjourned  to  the  opening  of 
the  following  session),  no  attempt  was  made  to  call  in  question 
my  arguments  against  Prof,  Rankine's  theory,  though  some  depre- 
ciatory observations  were  made  by  the  same  member  whose 
former  remarks  led  to  the  writing  of  this  paper,  these  remarks 
being  evidently  made  to  cover  a  retreat  from  an  untenable  position. 

I  then  ceased  writing  further  on  this  subject,  until  in  1889  Mr 
R.  E.  Froude  read  two  papers  before  the  Institution  of   Naval 
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Architects,  **0n  the  Part  Played  in  Propulsion  by  Difference  in 

Fluid  Pressure,"  and  *' Remarks  on  Prof.  Greenhill's  Theory  of 

the  Screw  Propeller."      As  I  had  heard  Prof.  Greenhill's  paper 

read  in  the  same  Institution  on  the  previous  session,  and  as  his 

theory  was  a  variation  of  Prof.  Rankine's,  the  reaction  of  the  screw 

being  calculated  by  his  formula,  I   therefore  brought  my  fourth 

paper  before  that  Institution  in  1890,  **  On  Various  Theories  of 

the  Screw  Propeller,"  in  which  I  called  attention  to  the  errors  of 

Prof.  Rankine's  theory,  and  of  various  other  writers  on  the  screw 

propeller,  all  of  them  being  more  or  less  under  his  influence.     In 

this  paper,  I  again  gave  a  demonstration  of  the  true  action  of  the 

propeller,  as  in  my  former  papers,  and  likewise  of  the  radical 

errors  of  Prof.  Rankine's  theory,  showing  also  more  or  less  fully 

the  distinctive  errors  in  the  writings  on  this  subject  of  Principal 

Cotterill,  Prof.  Greenhill,  Dr,  William  Froude,  Mr.  R.  E.  Froude, 

and  others. 

As  the  discussions  at  the  Institution  of  Naval  Architects  follow 
immediately  after  the  reading  of  papers,  and  the  practice  is  to 
hand  printed  copies  of  the  papers  to  be  read  to  the  members  just 
before  the  reading  begins,  I  sent  the  MS.  of  my  paper  to  the 
Secretary  some  weeks  before  the  date  of  meeting,  with  the  request 
to  send  printed  copies  of  it,  at  least  a  week  before  the  meetings 
began,  to  all  the  writers  then  living,  whose  views  I  had  controverted. 
This  request  was  carried  out,  so  that  all  those  writers  had  suffi- 
cient time  to  study  my  paper  before  it  was  read. 

Notwithstanding  this  precaution  to  give  time  to  those  whose 
views  I  had  controverted  to  prepare  any  proof  they  could  find 
against  my  demonstrations  of  the  true  action  of  the  propeller  and 
the  radical  error  of  Prof.  Rankine's  theory,  no  attempt  whatever 
was  made  to  do  this  by  any  who  took  part  in  the  discussion, 
though  Dr.  Caird  has  directed  attention  to  Mr  Fronde's  remarks 
on  my  paper  in  this  discussion  as  having  given  a  specially  com- 
plete and  conclusive  refutation  of  my  demonstrations. 

As  I  shall  later  on  quote  these  remarks  of  Mr  R.  E.  Froude  and 
others  referred  to  by  Dr.  Caird,  a  convenient  opportunity  will  be 
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given  to  judge  of  the  correctness  or  otherwise  of  Dr.  Caird's 
statements. 

Demonstration  of  the  True  Action  of  the  Propelleb. 

Second. — I  have  already  stated  that  a  proper  knowledge  of  the 
action  of  a  screw  propeller  of  any  given  dimensions,  pitch,  slip, 
and  velocity  on  the  water,  can  only  be  found  by  making  an  exact 
geometrical  delineation  of  its  movement  at  every  part  of  the 
blades  in  a  revolution.  Such  geometrical  delineation,  when 
properly  analysed,  will  reveal  exactly  the  only  action  possible  by 
each  and  every  part  of  the  propeller,  during  each  revolution  under 
all  conditions  of  working. 

This  investigation  is  made  simpler  by  first  examining  the  action 
of  the  propeller  under  the  conditions  of  its  being  a  screw  of 
uniform  pitch  acting  on  water  unafifected  by  the  vessel's  progress, 
the  vessel  also  moving  evenly.  When  the  several  relative  motions 
of  the  propeller  and  water  acted  on  are  established  under  these 
primary  conditions,  it  becomes  comparatively  easy  to  ascertain 
accurately  the  variations  on  these  motions  caused  by  currents 
set  up  by  the  motion  of  the  vessel,  when  the  extent  and  direction 
of  these  currents  are  determined,  and  likewise  the  effect  of  any 
current  on  the  propeller  or  the  propeller  on  the  current,  under 
any  given  direction  and  velocity.  The  efifects  of  friction  and  of 
the  displacement  by  the  body  of  the  propeller  blades  do  not 
enter  into  this  investigation. 

The  following  propositions  are  established  by  the  geometrical 
investigation  of  the  propeller's  movements: — 

(1)  A  circumferential  line  across  the  face  of  a  blade  at  any 

given  diameter  is  in  one  plane.* 

(2)  When  no  slip  occurs,  these  lines  at  all  diameters  vdthin 

the  propelling  faces  of  the  blades  pass  through  the 

water  without  imparting  to  it  any  motion  whatever. 

*  I  am  aware  that  a  helical  line  across  the  face  of  a  blade  is  not 
absolutely  in  one  plane,  though  owing  to  its  short  length  when  tested 
with  a  flexible  straight  edge  it  appears  so.  The  effect  on  the  movement 
of  the  water  of  these  circumferential  lines  is  however  absolutely  the  same 
as  if  made  by  a  straight  line,  and  that  even  if  the  blade  be  carried 
round  a  whole  convolution. 
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(3)  That,  whether  workmg  with  slip  or  without  slip,   the 

distance  passed  through  per  revolution  by  each  point 
on  a  blade,  at  any  diameter,  is  correctly  represented 
by  the  hypotenuse  of  a  right-angled  triangle  of  which 
the  base=2irr,  and  the  perpendicular  equals  the  ship's 
progress,  or  ^'(2irr»+(P~-^~)»=D,  D  being  the  distance 
passed  through  per  revolution  ;  P,  pitch ;  and  S,  slip. 

(4)  When  slip  occurs  each  point  on  the  same  circumferential 

line  at  any  diameter  moves  through  the  same  distance 
per  revolution,  but  each  succeeding  point  moves  in  a 
line  somewhat  abaft  each  preceding  point  and  parallel 
to  it,  the  distance  between  these  parallel  lines  increas- 
ing as  the  slip  increases. 

(5)  When  slip  occurs  the  water  is  moved  normally  to  the 

face  of  the  blade  at  any  diameter  at  a  uniform  velocity, 
to  the  extent  of  the  distance  between  the  parallel  lines 
described  by  the  respective  extreme  points  on  the 
entering  and  following  edges  of  the  blade  on  the  cir- 
cumferential line  of  the  given  diameter. 

(6)  The  distance  between  these  two  parallel  lines,  or  the 

extent  of  motion  given  to  the  water  by  the  propelling 
face  of  the  blade  at  any  given  diameter,  is  found  by 
dividing  the  slip  of  the  water  on  the  whole  revolution, 
by  the  number  of  times  the  length  of  the  arc  of  the 
circle  across  the  blade  at  the  given  diameter  divides 
the  distance  passed  over  in  one  revolution  by  a  point 
in  that  arc;  the  quotient  is  the  whole  extent  of  the 
movement  imparted  to  any  particle  of  water  by  the 
propelling  face  of  the  blade,  and  the  time  in  which 
this  motion  is  made,  is  found  by  dividing  the  period 
of  the  revolution  by  the  number  of  times  the  arc  of  the 
circle  divides  the  distance  passed  over  by  a  point  in 
the  arc  in  each  revolution. 

(7)  Owing  to  the  oblique  action  of  the  blade  relatively  to  the 

line  of  progress,  the  slip  of  the  water  at  any  given 
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diameter  is  less  than  the  slip  of  the  screw,  in  the  ratio 

of  the  base  to  the  hypotenuse  of  a  right-angled  triangle 

in  which  the  base  =  27rr,  and  the  perpendicular  =  the 

pitch  of  the  propeller. 

Of  these  seven  propositions,  which  cover  the  complete  action  of 

the  propeller,  the  first  and  second  are  easily  demonstrated.     The 

first  is  a  condition  of  the  construction  of  a  screw  of  uniform  pitcli- 

The  second  arises  from  the  fact  that  all  circumferential  lines  on 

the  propelling  face  of  a  blade  at  any  diameter,  when  no  slip  is 

made,  coincide  with  the  line  of  motion.     The  third  is  demonstrated 


FIG.  1.  A- FIG  2. 

as  foUow^s: — In  Fig.  1,  let  AB,  in  the  right-angled  triangle  ABC, 
=  the  circumference  of  the  circle  of  a  given  diameter,  and  B  C  = 
the  pitch  of  the  screw  which,  when  no  slip  is  made,  =  also  the 
progress  of  the  ship  per  revolution  of  the  screw ;  A  C  is  then  the 
distance  passed  through  by  each  point  of  the  blade  at  that  diameter. 
When  slip  occurs  =  D  C,  then  B  D  is  the  progress  of  the  ship  per 
revolution,  and  the  line  A  D  is  the  distance  passed  through  by  a 
point  in  the  blade  at  the  given  diameter. 

The  fourth,  fifth,  and  sixth  propositions  are  more  conveniently 
proved  in  conjunction  with  the  seventh,  wliich  latter  I  now  give. 
In  the  right-angled  triangle,  A  B  C,  Fig.  2,  let  A  B  again  =  27rr, 
B  C  pitch  of  propeller,  and  B  D  progress  of  vessel  per  revolution 
of  screw ;  AC  is  the  distance  passed  through  each  revolution  by 
a  point  in  the  blade  at  the  given  diameter  when  no  slip  occurs, 
A  B  being  at  right  angles  to  the  line  B  C  of  the  vessel's  motion ; 
C  A  B  is  the  angle  of  obliquity  of  the  propelling  face  of  the  blade 
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a.t  the  given  diameter  to  a  plane  at  right  angles  to  the  line  of 
motion. 

When  a  slip  of  the  screw  occurs  =  D  C,  A  D  is  then  the  distance 
and  direction  passed  over  by  a  point  in  the  blade  at  the  given 
-diameter  per  revolution,  as  already  explained.  If  now  DE  be 
-drawn  at  right  angles  to  the  face  of  the  blade,  that  is,  to  A  C,  D  E 
is  the  slip  of  the  water  per  revolution  at  the  given  diameter,  while 
D  C  is  the  slip  of  the  screw  at  this  and  all  other  diameters ;  then, 
AS  A  B  C  and  DEC  are  similar  triangles  (their  angles  being  equal), 
DE:DC::AB:AC,  thus  proving  proposition  7. 

Having  established  the  relative  proportions  of  the  slip  of  the 
water  to  that  of  the  screw  for  one  revolution,  a  most  important 
point  of  the  investigation  is  reached,  that  of  proving  the  actual 
motion  given  to  the  water  by  a  blade  of  any  shape  or  form  at  any 
diameter  or  percentage  of  slip.  The  slip  of  the  water  relatively  to 
the  slip  of  the  screw  on  the  whole  revolution  being  found  by  pro- 
position 6,  the  factor  which  determines  the  actual  movement  of 
the  water  and  the  time  in  which  it  is  made,  is,  as  stated  in  pro- 
position 6,  the  breadth  of  the  blade.  By  **  breadth,"  I  mean  the 
part  of  the  circumferential  line  across  the  blade  at  the  given 
diameter. 

The  line  DE,  divided  by  the  number  of  times  the  breadth  of  the 
blade  at  the  given  diameter  divides  the  line  x\D,  gives  the  actual 
movement  imparted  to  the  water  by  the  blade  at  that  diameter ; 
and  the  time  in  which  that  movement  is  made  is  found  by  dividing 
the  period  of  the  revolutions  by  the  number  of  times  the  breadth 
of  the  blade  divides  the  distance  passed  over  by  a  point  in  the  blade 
at  that  diameter  in  that  period. 

In  order  to  illustrate  and  prove  all  these  propositions,  quantita- 
tively as  well  as  geometrically,  and  to  show  the  difference  between 
the  actual  motions  made  at  different  percentages  of  slip  from  those 
supposed  by  Prof,  Rankine  and  his  followers  to  be  generated,  I 
shall  use  the  same  propeller  as  I  used  in  my  first  paper  of  1877, 
and  all  subsequent  papers,  and  thereby  utilize  the  calculations 
and  illustrations  then  made. 
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This  propeller,  with  the  blade  on  the  flat,  is  shown  in  Pig.  3. 
It  is  20  feet  in  diameter,  27*77  feet  pitch,  with  a  boss  of  4r 
feet  11  inches  in  diameter.  The  breadths  of  the  blades  measured, 
on  the  arc  are : — At  5  feet  diameter,  or  close  to  the  boss,  43  inches  ; 
at  6  feet  8  inches  diameter,  51  inches ;  at  12  feet  6  inches  diameter, 
52  inches;  at  20  feet,  or  extreme  diameter,  22  inches.  This 
propeller  is  not  given  as  one  of  superior  design,  but  as  one  in 
actual  work  on  a  ship  in  1877. 

Fig.  4  shows  the  development  of  one  revolution  of  this  pro- 
peller at  12  feet  6  inches  diameter  and  10  per  cent,  slip,  with  the 
section  of  the  blade  at  this  diameter  beginning  and  ending  the 
revolution.  The  parallel  lines  on  this  diagram,  between  the 
beginning  and  ending  of  the  revolution,  show  to  scale  the  whole 
extent  of  the  motion  of  the  water,  caused  by  a  slip  of  10  per  cent, 
of  this  propeller  at  this  diameter.  In  this  Fig.  the  parallel  lines 
equal  to  the  movement  imparted  to  the  water  when  slip  is  made 
are  shown  as  described  in  propositions  4,  5,  and  6.  The  displace- 
ment of  the  water  caused  by  the  body  of  the  blade  is  not  shown 
on  this  Fig.,  only  the  slip  motion. 

Fig.  5  shows  on  a  larger  scale  the  movement  of  the  water  of  the 
same  diameter  made  by  a  movement  of  the  blade  equal  to  its  own 
breadth.  This  diagram  shows  more  distinctly  the  actual  motion 
imparted  to  the  water  by  the  blade  at  this  diameter,  and  how  this 
motion  is  begun  and  ended  in  the  passage  of  its  own  breadth. 
Figs.  6  and  7  show  the  continuous  motion  through  the  water  of 
this  section  of  the  blade  without  slip,  and  with  10  per  cent,  slip  ; 
the  displacement  is  of  the  blade  only  in  the  one,  and  in  the  other 
the  displacement  of  the  blade  combined  with  that  of  the  slip. 
In  Fig.  7,  and  also  in  Figs.  9  and  10,  the  lines  indicating 
the  separate  and  combined  movements  of  the  water  by  slip 
and  by  the  body  of  the  blade,  anticipate  these  respective  move- 
ments when  the  blade  moves  in  the  direction  of  the  arrows. 

Taking  the  revolutions  of  this  example  propeller  at  60  per 
minute,  or  one  per  second,  with  10  per  cent,  slip,  the  following 
Table  gives  the  movements  made  by  the  blade  at  the  four  given 
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1ST 


cLiameters,  and  the  number  of  times  the  blade  at  these  diameters- 
passes  over  entirely  new  surfaces  of  water  per  second  or  per  revo- 
lution : — 


Djuneters. 

Leiurih  of  arc  in 
breiMlth  of  blade. 

Motion  imparted  to 
water  with  10  per  cent. 

No.  of  times  blades 

pass  over  new  surfaces 

of  water  at  this  sUp, 

per  revolution. 

Feet.      InebM. 

5  0 

6  8 
12             6 

20          0 

• 

1 

Inchea. 
43 
51 
52 

22 

Inches. 

1-97 
2-59 
2-53 

•82 

8-24 

7-68 

10-75          ' 

! 

36-93          1 

1 

These  figures  show  the  fact  that  with  10  per  cent,  slip  (which  is 
greater  than  a  properly  proportioned  screw  should  make  under 
ordinary  conditions  of  working),  the  whole  extent  of  motion 
imparted  to  any  particle  of  water  from  its  first  coming  into 
contact  with  the  leading  edge  of  a  blade,  until  it  receives  its- 
last  touch  from  the  following  edge,  is  in  this  propeller  only 
,  1*97  inches  at  5  feet  diameter,  2*50  inches  at  6  feet  8  inches 
diameter,  2*53  inches  at  12  feet  6  inches  diameter,  and  -82  inches 
at  20  feet  diameter,  this  latter  being  the  most  effective  part  of  the 
blade.  At  5  per  cent,  slip  the  motion  imparted  to  the  water 
would  be  slightly  less  than  half  the  above,  the  distance  AD,  Fig.  2, 
passed  through  per  revolution  being  greater  ab  5  per  cent,  than  at 
10  per  cent,,  while  the  breadth  of  the  blade,  or  divisor,  remains, 
the  same.  For  the  same  reasons  the  slip  motions  given  to  the 
water  increase  in  a  greater  than  arithmetical  ratio  when  the  slip 
increases.  Further,  it  should  be  noticed  that  the  extent  of  the 
movements  given  to  the  water  is  directly  proportional  to  the 
breadth  of  the  blade ;  if  the  blade,  in  a  given  case,  is  made  only 
one-half  the  breadth,  the  motion  given  to  the  water  at  the  sam& 
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percentage  of  slip  would  only  be  one-half  in  extent,  but  made  in 
one-half  the  time.  It  should  be  noticed  here  also,  that  the  motioo 
imparted  to  the  water  by  slip  is,  after  it  is  begun,  continued  &t  a 
U7iiforvi  velocity. 

A  further  important  fact  is,  that  at  any  instant  no  motion    is 
given  to  the  water  by  the  blade  except  across  its  own   face    or 
breadth,  and  there  the  particles  acted  on  are  not  thrown  off  tlie 
blade,  but  remain  in  contact  w^ith  it,  and  are  merely  pressed  as  it 
were  into  the  contiguous  mass — the  small  distance  shown  between 
the  parallel  lines  in  the  diagrams.      The  observed  motions  and 
disturbances  in  the  water  at  moderate  slips  are  almost  wholly 
made  by  the  displacing  action  of  the  body  of  the  blades  (often 
increased  by  irregular  pitches),  which  is  quite  a  distinct  action 
from  the  slip  motion  made  by  a  true  screw,  though  generally 
confounded  with  the  latter.      The  movement  of  the  water  caused 
by  a  moderate  slip,  in  a  properly  constructed  screw,  is  scarcely 
noticeable,  and  is  continuously  undergoing  a  process  of  extinction 
by  falling  into  the  partly  empty  space  left  behind  the  body  of  the 
blade,  somewhat  as  represented  by  Fig.  8.     Figs.  9  and  10  show 
sections  of  a  blade,  the  one  making  5  per  cent,  and  the  other  30  per 
cent.  slip.     These  figures  were  used  in  a  previous  paper  to  illustrate 
the  mistake  made  by  Dr.  William  Froude,  in  saying,  "To  assert  that 
a  screw  works  with  unusually  little  slip  is  to  give  a  proof  that  it 
is  working  with  a  large  waste  of  power,"  and  they  show,  first, 
the  considerably  greater  displacement  made  by  the  blade  when 
working  at  30  per  cent,  than  at  5  per  cent,  slip ;  second,  the  much 
greater  movement  of  water  in  slip  also  made  by  the  blade  at  30 
per  cent,  than  at  5  per  cent.  slip.     These  greater  displacements  of 
water  at  30  per  cent,  slip,  besides  reducing  the  speed  of  the  vessel, 
waste  a  much  larger  proportion  of  the  engine  power  than  when 
5  per  cent,  slip  is  made. 

When  the  actual  motions  imparted  by  the  blades  to  the  water 
under  any  given  dimensions,  pitch,  slip,  and  velocity  are  exactly 
determined  in  the  manner  explained,  the  effect  of  a  following  or 
other  current   can    be   comparatively  easily  investigated.      For 
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e:3&ainple,   if  the  screw  is  working  in  a  current  following  the 
vessel   in   a   direct   line  at    5  feet   per    second,    at   the   depth 
^wliere  the  tips  of  the  blades  of  the  example  propeller  reach  in 
X>&s8ing  their  highest  point,  the  blade  will  there  arrest  the  motion 
of  the  current  in  passing  to  the  extent  of  the  velocity  divided  by 
tlie  time  of  the  passage  of  the  blade.      This  time  is  -^^^y^  of  a 
second,   which,  with  the  quotient  subject  to  the  reduction  due- 
to  the  oblique  action  of  the  blade,  is  found  to  be  1*48  inches  of 
arrested  motion.     This  added  to  the  -82  inches  of  slip  movement 
imparted  by  the  blade  in  still  water  gives  2-3  inches  of  slip,  com- 
bined with  the  arrested  current.     The  effect  of  the  current  can  be 
found  at  any  other  diameter  in  a  similar  manner,  but  in  a  vessel 
vrith  fine  lines  the  following  current  does  not  extend  to  any  con- 
siderable depth  below  the  surface.     Currents  flowing  in  from  the 
sides  are  similiarly  calculable,  and  may  be  positive,  negative,  or 
neutral,  according  as  the  currents  flow  from  aft,  forward,  or  coin- 
cident with  the  angle  of  the  face  of  the  propeller. 

Having  now  shown,  geometrically  and  quantitatively,  the  actual 
extent  of  the  motions  imparted  to  the  water  by  a  screw  of  given 
dimensions,  pitch,  and  slip  per  revolution,  and  how  these  motions 
can  be  ascertained  under  all  other  conditions  of  dimensions,  pitch, 
slip,  and  velocity,  my  objections  to  Prof.  Eankine's  theory,  and  all 
others  based  upon  it,  will  be  more  easily  understood,  and  likewise 
the  proof  of  the  entire  incorrectness  of  that  theory.  The  incorrect- 
ness of  the  Eankine  theory,  and  of  all  modifications  of  it,  is 
necessarily  completely  proved  negatively  by  simply  stating  that 
it  is  based  on  the  supposition  that  the  extent  of  the  movement, 
imparted  to  the  water  by,  say,  10  per  cent,  slip,  averages  in  the 
case  of  the  propeller  of  this  paper,  from  18  to  14  times  more  than  I 
have  just  proved  it  to  be ;  further,  it  assumes  that  a  cylindrical 
column  of  water  in  this  case,  27*24  feet  in  length,  can  be  generated 
by  the  revolution  of  a  screw  and  forced  astern  by  it,  like  a  solid 
body,  at  an  accelerated  velocity,  though  the  projected  area  of  a 
blade  may  be  less  than  one- twentieth  of  the  area  of  the  end  of  this< 
column.      Other  impossibilities  are  also  assumed.      It  will,  how- 
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ever,  be  more  satisfactory  to  prove  the  total  incorrectness  of    tHIs 
theory  positively,  as  I  have  already  undertaken  to  do. 

Professor  Bankine's  Theory. 
Third. — This  theory,  given  in  the  author's  I.N.A.  paper  of 
1865,  "On  the  Mechanical  Principles  of  the  Action  of  Pro- 
pellers,'' though  erroneous  in  its  basis  and  defective  in  its  treat- 
ment, is,  owing  to  its  definiteness,  and  being  illustrated  witli 
practical  examples,  capable  of  being  examined  both  geome- 
trically and  quantitatively.  It  deals  with  both  paddle  and  screw 
propellers,  but  here  we  have  to  do  with  his  treatment  of  the 
screw  only. 

In  defining  the  principles  on  which  his  theory  is  based,  Prof. 
Rankine  says,  in  Section  8  of  his  paper,  ''The  reaction  of  the 
stream  of  water,  acted  on  by  any  propelling  instrument,  is  the 
product  of  three  factors :  the  mass  of  a  cubic  foot  of  water,  the 
number  of  cubic  feet  acted  on  in  a  second,  the  velocity  impressed 
on  that  water  by  the  propellers."     In  Section  9 :  "  The  number  of 
cubic  feet  acted  on  in  a  second  is  to  be  calculated  by  multiplying 
the  sectional  area  of  the  stream  by  its  velocity  relatively  to  the 
ship.     This  sectional  area  is,  for  a  screw,  the  area  of  the  disc,  less 
that  of  the  boss,  and  the  velocity  of  the  stream  relatively  to  the 
ship  is  the  sum  of  two  quantities — the  velocity  of  the  ship,  and  the 
velocity  relatively  to  still  water  of  the  stream  driven  back  by  the 
propeller — or,  in  other  words,  the  apparent  slip  of  that  stream," 
In  Section  10 :  "  For  a  screw,  owing  to  the  obliquity  of  its  action, 
the  slip  of  the  stream  driven  back  is  less  than  the  slip  of  the  screw 
in  the  proportion  of  the  square  of  the  cosine  of  its  obliquity  to  a 
thwartship  plane."     In  Section  11 :  •*  The  remaining  factor  of  the 
reaction  of  the  water — the  velocity  impressed  by  the  propelling 
instrument  when  the  propeller  acts  on  water  that  was  previously 
still — is  simply  the  slip  of  stream  already  mentioned." 

Prof.  Eankine,  in  his  algebraic  investigation  of  the  subject, 
works  out  the  effect  of  the  oblique  action  of  the  screw,  referred  to 
in  Section  10,  showing  that  the  slip  of  the  water  is  less  than  the  shp 
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of    the  screw.      This  effect  I  had  discovered,  and  worked  out 

geometrically,   as  shown  in    Fig.   2,   before   seeing  it  in  Prof. 

Hankine's   paper.       He   also  gives   a   practical  example  of   his 

theory  by  applying  it  to  the  case  of  H.M.S.  **  Warrior/*  which, 

i^ith  a  screw  24  feet  in  diameter  and  30  feet  pitch,  made  on  trial 

12  per  cent,  slip  at  64  revolutions  per  minute,  and  which  with  his 

fonniila  gave  an  i.h.f.  very  nearly  that  obtained  on  trial.     This 

result,  however,  is  entirely  owing  to  the  abnormal  size  and  pitch 

of  the  screw.     Had  he  tested  his  formula  on  a  screw  more  suitable 

for  the  limited  engine  power,  one  much  less  in  diameter  and  pitch, 

the  power  by  the  formula  with  same  speed  of  ship  and  i.h.p. 

of  engines  would  not  have  been  one-half,  and  this  theoiy  would 

never  have  been  heard  of. 

I  have  to  mention  here  that  in  working  out  the  ** Warrior's" 

results  on  the  basis  of  his  theory,  as  given  above.  Prof.  Eankine 

assigns  a  quantitative  value  to  the  effect  of  friction  on  the  blades 

and  of  the  screw  working  in  disturbed  water.      In  testing  Prof. 

Rankine's  theory  and  formula,  I  shall  include  among  the  minor 

factors  that  of  the  effect  of  the  oblique  action  of  the  screw  only, 

and  omit  the  effect  of  friction  and  working  in  disturbed  water,  as 

these  latter  are  merely  hypothetical,  and  do  not  affect  the  main 

issues  of  the  investigation  which  are,  I  may  remind  you,  the  actual 

movements  given  to  the  water  by  the  action  of  the  screw  under 

given  conditions  of  dimensions,  slip,  and  velocity,  and  the  reaction 

obtained  therefrom  in  propelUng.     Prof.  Eankine's  theory  rests  on 

the  supposed  existence  of  a  cylindrical  column  of  water  generated 

by  the  screw,  of  definite  length  and  area,  and  consequently  of 

ascertainable  weight,  which  the  propeller  throws  astern  a  definite 

distance,    necessarily    intermittently,    with    a    definite    velocity 

dependent  on  the  shp  per  revolution.      The  area  and  length  of 

this  column  and  its  velocity  being  thus  ascertainable  according  to 

this  theory,  under  any  given  conditions  of  diameter,  pitch,  slip, 

&nd  velocity,  the  thrust  reaction  is,  therefore,  made  calculable  by 

ihe  formula  — -. 
9 
The  area  of  this  reaction  column,  as  defined  by  Prof.  Rankine, 
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is  that  of  the  circle  described  by  the  extremity  of  the  propeller 
blades  in  their  revolution,  less  the  area  of  the  boss ;  the  length  of 
the  column  =  the  progress  of  the  ship  per  second,  +  the  slip  of  the 
stream  per  second ;  and  the  velocity  at  which  this  column  is  driven 
back  s  the  slip  of  the  stream  per  second. 

To  give  a  practical  example  of  this  theory,  treated  geometrically 
and  quantitatively,  1  again  take  the  example  propeller  of  this  paper, 
which  is  20  feet  in  diameter  and  27*77  feet  pitch,  having  a  boss 
4  feet  11  inches  in  diameter,  and  the  velocity  as  before — one  revolu- 
tion per  second.      Fig.  11  shows  the  Eankine  column  of  this  pro- 
peller to  scale,  at  10  per  cent,  slip,  with  the  spiral  ends  which  it 
would  necessarily  have,  but  as  it  is  more  convenient  for  calculation 
to  make  the  length  and  weight  of  the  column  as  a  plain  cylinder 
of  equal  capacity,  I  have  so  represented  it  in  Fig.  12.     The  length 
of  this  column  is  made  up  of  the  two  parts  G  H,  25  feet  in  length, 
=  ship's  progress,  and  H  I,  2-24  feet  in  length  =  slip  of  the  water 
per    revolution,    which    part    is    shown    darker.       The    curved 
outline  of  the  after  end  of  the  slip  part  of  the  column  getting 
narrower,   as  it   approaches  the   boss,    shows   the   effect   of  the 
increasing  obliquity   of   the   blade   as   it   approaches   the   centre 
in    reducing    the   slip   of  the   water.      The   extent  and   velocity 
of   this   slip,    as   calculated   by   Prof.   Rankine's   formula,   varies 
from  2-52  feet  at  the  extremity,  to  1*35  feet  at  5  feet  diameter 
per  revolution,  and  is  sufficiently  correct  for  calculation  of  cubical 
contents  if  taken  at  an  average  of  2*24  feet ;   consequently,  the 
length  of  the  column,  from  which  the  reaction  is  calculated  by 
Prof.  Rankine's  theory,   is  25  +  2-24  feet  =  27-24  feet,  and  the 
velocity  of  the  whole  column  per  second  in  this  case  is  2-24  feet  at 
10  per  cent.  slip. 

Fig.  12  shows  the  column  made  by  the  same  formula  at  30  per 
cent,  slip,  the  ship's  progress  in  this  case  being  19*44  feet  per  second, 
and  the  average  slip  6* 72  feet,  making  the  total  length  26*16  feet, 
and  velocity  per  second  6*72  feet.  The  area  of  the  column  is  in 
all  cases  314  —  19,  the  area  of  the  boss,  =  295  square  feet.  I 
have  shown  in  these  figures  a  dark  space  behind  each  column 
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equal  to  the  slip  per  revolution.  This  represents  a  vacant  space 
^wrliich,  though  non-existent,  is  absolutely  necessary  to  permit  the 
movement  of  the  column  required  by  the  Kankine  theory. 

Before  giving  the  quantitative  results  of  Prof.  Rankine's  theory 
ancL  formula,  applied  to  the  example  propeller  of  this  paper,  at 
several  percentages  of  slip,  I  v7ould  ask  your  attention  for  a 
moment  to  the  supposed  facts  on  which  this  theory  is  built.  It  ia 
b&sed  on  the  supposition  that  a  complete  and  detached  cylindrical 
column  of  water  can  be  formed  by  a  screw  behind  itself  each 
resolution,  and  thrown  by  it  astern,  in  this  case  2-24  feet  with  10 
per  cent,  slip,  in  a  compact  mass  endwise,  by  one  impulse. 

Such  effects  presuppose  several  impossible  things,  for  example^ 
(a)  the  formation  of  a  column  of  a  definite  length  and  area  by  a 
screw  blade  in  continuous  working ;  {b)  that  a  column  of  water 
can  be  moved  simultaneously  like  a  solid  body  endwise  by  a  blade 
or  any  instrument  less  than  the  area  of  the  column  itself ;  (c)  that 
this  slip  movement  of  2-24  feet  per  second  can  be  made  by  one 

impulse,  so  as  to  make  the formula  used  by  Prof.   Bankine 

for  calculating  the  thrust  force  applicable — the  slip  movement 
being  one  of  uniform  velocity,  as  shown  by  my  diagrams,  and 
not  accelerated ;  (d)  that  a  detached  column  could  be  made  by  a- 
screw  under  water  of  a  definite  length  so  that  its  weight  could  be 
calculable,  and  that  a  space  could  be  formed  behind  this  column 
by  the  screw  into  which  it  could  be  thrown,  as  Prof,  Rankine's 
theory  postulates. 

There  are  other  suppositions  involved  by  this  theory  equally 
impossible,  such  as  that  propellers  having  two,  three,  or  four 
blades,  must  generate  two,  three,  and  four  equal  columns,  as 
each  blade  acts  quite  independently  of  the  others.  Other  im- 
possibilities may  be  mentioned,  but  enough  have  been  given 
to  show  that  such  a  reaction  column  could  not  exist.  The 
following  are  examples  showing  the  application  of  the  formula. 
to  cases  when  10,  20,  and  30  per  cent,  slip  is  made  by  the 
example  propeller : — 

13 
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(1)  The  thrust  h.p.  obtained  from  the  example  propeller  &t  60 
revolutions  per  minute,  with  the  screw  making  lO  per 
cent,  slip — 

Let  V  =  27*77  feet,  or  pitch  of  propeller. 

V  =    2-24  feet,  or  mean  slip  of  the  stream    per 

second. 
S  =  25  feet,  or  speed  of  ship  per  second. 
L  =  27*24  feet  (S  -f  r),  length  of  column  acted 

on  by  screw. 
A  =  295  square  feet,  or  area  of  screw's  disc  — 

area  of  boss. 
W  =  A  X  L  X  64  weight  of  column  in  lbs. 
{7  =  32  feet,  accelerating  effect  of  gravity  per 

second. 

T  = ,    or  total  thrust  of  the  screw  in  lbs. 


9 
T  X  S 


or  H.p.  expended  in  thrust. 


550 
Here  W  =  (295  x  27-24  x  64)   =  514,291-2  lbs. 

Wr  ^  f  514.291-2  x  2-24  ]  ^  36,000-3  or  thrust  in 
g         \  32  I  lbs. 

^^       \  ^^  j         14-8  knots, 

^2)  With  the  propeller  making  20  per  cent,  slip — 

V  —    4-48  feet,  mean  slip  of  stream  per  second. 
S  =  22*21  feet,  speed  of  ship  per  second. 
L  =  26-69  feet,  length  of  column  acted  on  by 
screw. 
The  other  definitions  as  in  (1). 

Here,  W  =  (295  x  2669  x  64)  =  503,907-2  lbs. 

Wv  ^  (503,907-2  X  4-48)  ^  70,547,    or   thrust 
g  32  in  lbs. 

p  ^  (70,54^^22:21)     ^  2.849 1.H.P., 
expended  in  thrust  in  propelling  the  ship  33-15  knots.  , 
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*(3)  With  this  propeller  working  at  30  per  cent,  slip  — 

V  =    6-72  feet,  mean  slip  of  stream  per  second. 
S  =  19*44  feet,  speed  of  ship  per  second. 
L  =  26*16  feet,  length  of  column  acted  on  by 
screw. 
Other  definitions  as  before. 

Here,  W  =  (295  x  26*  16  x  64)  =  493,900*8  lbs. 

Wv  ^  (493,900*8  x  6-72)  ^  103,719,  or  thrust 
g  32  in  lbs. 

P  =  (103.719  X  19-44)  ^  3  g6g.4 
550 
expended  in  thrust  in  propelling  the  vessel  11*51  knots. 

These  several  amounts  of  h.p.,  which,  according  to  Prof.  Ean- 
'kine's  theory,  would  be  obtained  in  thrust  reaction  from  a  pro- 
peller of  the  given  dimensions  and  pitch  at  the  three  different 
percentages  of  slip,  are  not  the  gross  i.h.p.  of  the  engines,  but 
merely  the  thrust  h.p.,  and  do  not  include  what  is  used  by  the 
engines  themselves,  or  by  the  friction  of  the  propeller,  or  the 
resistance  caused  by  negative  pressure  thereon.  It  is  the  h.p. 
used  exclusively  in  overcoming  what,  according  to  Dr.  W. 
Froude,  is  the  ship's  net  resistance  +  the  augmented  resistance 
arising  from  the  action  of  the  screw.  These  are  estimated  by  Dr. 
Froude,  in  his  paper  of  1876,  "On  the  Ratio  of  Indicated  to  Effec- 
tive Horse  Power,"  to  be  respectively  equal  to  about  40  and  18  per 
^ent.,  or,  together  58  per  cent,  of  the  gross  i,h.p.  of  the  engines. 
"Taking  this  estimate  here,  the  gross  i.h.p.  in  these  foregoing  cases, 
^worked  out  on  Prof.  Rankine's  formula,  are  as  follows : — 


:  58 :  100 : :  1636 :  2821  gross  i.h.p. 


*(1)  10  per  cent,  slip,  and^ 
14*8  knots  speed  of 
vessel,         

(2)   20  per  cent,  slip,  andl 

13*15  knots  speed  of  V:58:100:  :2849:4912 
vessel,         J 

,(3)   30  per  cent,  slip,  andl 

11-51  knots  speed  of  V:  58: 100::  3666: 6320 
vessel,         J 
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There  is  the  extraordinary  result  of  2821  i.h.p.,  giving  a  speed 
to  the  vessel  of  14-8  knots  at  10  per  cent,  slip,  while  no  less  than 
6320  I.H.P.  is  consumed  in  giving  the  vessel  11*51  knots  where 
30  per  cent,  slip  occurs. 

These  differences  in  slip  would  often  be  exceeded  at  sea  under 
the  variations  in  weather  which  constantly  occur. 

The  fallacy  of  this  theory  is  made  doubly  conspicuous  when  the 
formula  is  applied  to  this  screw,  making  a  slip  of  5  per  cent.  The 
thrust  LH.P.  is  then  only  871-6,  and  the  gross  i.h.p.  1502,  the 
speed  of  the  ship  being  15-6  knots.  In  short,  these  practical 
applications  of  Prof.  Eankine's  theory  to  different  percentages  of 
slip  in  the  same  vessel,  with  the  same  screw  working  at  60  revolu- 
tions per  minute,  show  that  it  breaks  down  as  completely  when 
tested  quantitatively  as  when  tested  geometrically.  It  is  indeed 
utterly  inapplicable  to  any  problems  or  calculations  whatever  con- 
nected with  the  screw  propeller. 

The  True  Bases  op  the  Reaction  op  Screw  Propellers. 

Fourth. — Having  shown  that  Prof.  Rankine's  "Theory  of  the 
Reaction  of  the  Screw  Propeller  "  is  erroneous  in  its  conception^, 
and  does  not  remotely  agree  with  the  actual  facts  of  the  screw's 
action,  it  falls  to  me  to  show  how  the  small  compression  of  the 
water  which  I  have  demonstrated  is  all  that  is  made  by  even 
considerable  slip,  can  give  a  reaction  from  an  element  so  unstable 
as  water  sufficient  to  propel  the  largest  steamers  at  the  highest 
speeds. 

An  experiment,  illustrating  the  principles  on  which  the  reaction 
of  a  screw  propeller  is  based,  has  probably  been  made  by  most 
here  while  standing  in  a  rowing  boat  and  moving  the  flat  end  of 
an  oar  edgeways  while  holding  it  nearly  perpendicularly  and 
immersed,  say,  18  inches.  If,  while  moving  the  oar  so  immersed 
at  a  velocity  of  6  or  8  feet  per  second,  a  sudden  lateral  pull  is 
given  to  the  oar,  the  water  will  be  found^to  offer  for  an  instant 
almost  as  much  resistance  as  a  solid  body.  If,  therefore,  at  this 
comparatively  low  velocity,  a  surface  of  about  IB  inches  by  4 
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inches  offers  so  much  resistance:  How  vastly  increased  will  be 
the  resistance  to  a  surface  50  times  greater  moving  at  a  vastly 
liigher  velocity? 

As  every  circumferential  line  on  the  propelling  face  of  a  blade 
is  in  its  action  on  the  water  exactly  equal  to  that  of  a  straight 
line  in  continuous  motion,  the  whole  surface  of  the  blade, 
^v^bich  is  made  up  of  these  lines,  acts  like  a  flat  blade  pressing 
a>gainst  the  water  while  running  over  it  at  an  exceedingly  high 
velocity.  The  four  blades  of  the  example  propeller  of  this  paper 
have  an  aggregate  surface  of  112  square  feet,  and  as  the  outer 
ends  of  the  blades  at  60  revolutions  per  minute  with  10  per  cent, 
slip  move  at  the  high  velocity  of  67*62  feet  per  second,  it  is  evident 
that  an  enormous  thrust  reaction  must  be  obtained  with  a  very 
■slight  compression  of  water  from  the  four  large  flat  surfaces  of 
these  blades  running  over  the  inclined  planes  on  which  they  press. 
The  effect  of  a  flat  surface  striking  water  at  a  high  velocity  is  well 
known.  Even  a  round  body,  like  a  cannon  ball,  striking  on  water 
at  a  great  velocity,  rebounds  as  if  it  had  struck  a  solid  body.  The 
effect,  therefore,  of  these  four  blades  sweeping  through  the  water 
at  a  velocity  of  nearly  70  feet  per  second  at  their  outer  ends,  and 
over  37  new  surfaces  of  water  in  that  time,  at  their  most  effective 
surface,  is  about  equal  to  the  blades  running  over  helically  inclined 
planes  of  metal. 

The  water  is  the  nut  formed  by  the  deep  but  short  parts  of  the 
threads  of  the  screw  continually  cutting  their  way  into  it,  but 
without  in  the^slightest  degree  impairing  the  effect  on  the  work- 
ing faces.  The  screw  blades,  thus  running  over  the  faces  of  the 
threads  of  the  water  nut,  scarcely  compress  them  owing  to  their 
great  velocity  and  large  surface.  The  water  owing  to  its  incom- 
pressibility  and  inertia,  has  not  time  to  yield  during  the  instant 
of  pressure,  as  the  blades  glide  over  it.  The  yield  of  the  water  as  I 
have  shown,  is,  at  10  per  cent,  slip,  only  '82  inches  at  the  outer 
ends  of  these  blades,  but  this  is  done  in  the  d7th  part  of  a  second. 
The  intensity  of  this  action  will  be  the  more  appreciated  when  I 
remind  you  that  a  heavy  body  falling  freely  in  space  at  the  earth's 
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surface  passes  from  a  state  of  rest  through  only  '14  inches,  or- 
ahout  one-sixth  of  this  space  in  the  same  period.  It  would,  there- 
fore, require  36  times  the  energy  of  gravity  to  give  an  equal 
velocity  to  a  body  falling  freely  in  space  in  the  same  time :  Hovr 
much  more,  then,  would  it  require  to  give  an  equal  lateral  move- 
ment to  a  body  of  water  surrounded  and  pressed  upon  by  masses 
of  the  fluid  under  pressure  ? 

With  these  facts  before  us,  it  is  not  difficult  to  understand  ho'w 
the  reaction,  or  the  law  of  equal  and  opposite  forces,  is  fully 
satisfied,   with   only  the   slightest  backward  movement  of    the 

water  being  made  by  the  blades.     The  formula  — -   is  no  more 

9 
applicable  for  calculating  the  reaction  of  a  screw  propeller  than  it- 
would  be  for  finding  the  reaction  of  a  screw  working  in  a  soft 
metal  nut  from  the  wear  on  the  faces  of  the  threads  of  the  nut^ 
caused  by  the  friction  and  thrust  of  the  threads  of  the  screw 
passing  over  them. 

Having  thus  shown  geometrically  and  quantitatively  the  actual 
movements  made  by  a  screw  propeller  of  given  dimensions,  pitch, 
and  velocity,  at  different  percentages  of  slip,  and  likewise  having 
demonstrated  both  positively  and  negatively  that  the  theory  of 
Prof.  Rankine  is  wholly  erroneous,  it  follows  that  none  of  those 
wrriters  who  have  adopted  the  Rankine  theory,  in  whole  or  in  part^ 
are  able  to  guide  others,  either  scientifically  or  practically,  in  the 
construction  or  use  of  screw  propellers. 

The  Discussions  of  my  Various  Papers  Referred  to  by 

Dr.  Caird. 

Fifth. — At  the  reading  of  my  first  paper  in  Glasgow,  at  the 
summer  meetings  of  the  Institution  of  Naval  Architects,  on 
August,  1877,  in  which  I  gave  the  demonstration  of  the  true 
action  of  the  propeller,  without  reference  to  Prof.  Rankine's 
theory,  there  was  no  actual  discussion,  the  remarks  made  being 
purely  of  a  complimentary  character,  the  chief  speaker  being  the 
late  Mr  John  Scott  Russell. 
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My  next  paper  was  read  before  this  Institution  on  23rd  April, 
1.878.      In   this  paper  I  called  attention   to   the   fact   that  the 
geometrical    analyses   of    correct    delineations    of    the    motions- 
given  to  the  water  by  the  screw  in  propelling,  were  essentially 
different    from   those   which   Prof.   Kankine   supposed  to   exist, 
and  on  which  he  had  based  his  theory.      This  paper,  as  well 
as   the  previous  one,  I  should   mention,  contained   an   investi- 
gation of    the  displacing  action   of    the    blades   as  well   as  of 
their  propelling  action,  these  actions  being  quite  distinct  from 
each  other;    and  also  showed,  in  connection    with  the  former, 
the   great  practical   advantages   obtained  from   the   use  of   thin' 
blades  of   machine-forged    steel,    arising  from   their  greatly  re- 
duced   displacement    and    the  reduction   of    negative  pressure, 
when  compared  with  thick  cast  iron   blades,   which   were   then 
in  general  use. 

This  paper  was  first  discussed  at  a  special  meeting,  held 
on  14th  May  of  that  year.  Though  a  long  discussion  took 
place,  none  of  my  demonstrations  of  the  true  action  of  the 
propeller,  or  of  the  errors  of  Prof.  Eankine's  theory,  were 
called  in  question.  To  give  opportunity  for  a  fuller  discus- 
sion of  the  paper,  the  discussion  was  Eidjourned  to  the  begin- 
ning of  the  1878-79  session,  and  took  place  on  November  26th, 
fully  six  months  after  the  first  discussion.  At  this  latter 
discussion,  a  written  criticism  of  considerable  length  was  sent 
by  Dr.  John  Inglis.  The  remarks  of  Dr.  Inglis,  at  the  pre- 
vious discussion,  were  rather  appreciative  than  otherwise,  but 
further  study  during  the  long  interval  had  evidently  wrought 
a  change,  as  the  written  criticism  was  distincly  combative  in 
its  character.  The  much  greater  part  of  this  criticism  bore 
on  that  part  of  my  paper  which  dealt  with  the  displacing 
action  of  the  propeller,  and  showed  considerable  misapprehen- 
sion of  the  subject.  As  this  displacing  action  is  not  here 
being  dealt  with,  I  need  not  now  further  refer  to  it.  What 
was  remarkable  in  this  deliberate  criticism  was,  that  no  refer- 
ence whatever  w^as  made  to  the  chief  purposes  for  which   the 
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paper  was  written.  Firstly,  The  demonstrations  given  of  the 
true  action  of  the  screw  on  the  water  in  propellinjsr,  anci 
secondly,  The  demonstrations  of  the  entirely  erroneous  concep- 
tions on  which  Prof.  Eankine  based  his  theory  of  the  action 
of  the   screw   propeller. 

Dr.  Inglis,  however,  in  this  criticism,  did  make  an  endeavour 
to  show  how  a  Bankine  column  could  be  produced,  notwith- 
standing my  demonstrations  to  the  contrary.  As  this  is  the 
only,  or  at  least  the  most  definite,  effort  to  uphold  the  reaction 
column  of  the  Eankine  theory  in  these  earlier  discussions, 
and  is  doubtless  that  which  Dr.  Caird  referred  to  as  having 
completely  and  conclusively  refuted  my  "attack  on  Eankine," 
I  shall  quote  it  here  in  its  entirety: — 

"Mr  Howden's  objections  to  Prof.  Eankine's  statement, 
regarding  the  reaction  of  a  propeller,  contains  some  curious 
misconceptions.  The  action  of  a  screw  being  on  the  end  of 
a  column  (not  of  unlimited,  but  of  indefinite  length),  the  length 
of  the  column  is  added  to  as  the  propeller  revolves,  each  part 
of  the  area  of  the  end  of  the  column  being  acted  on  in  turn, 
the  length  of  the  piece  added  being  equal  to  the  advance  of 
the  propeller  through  the  surrounding  water.  There  does  not, 
therefore,  appear  to  be  any  difficulty  in  ascertaining  the  number 
of  cubic  feet  acted  on  in  a  given  time.  Mr  Howden  speaks 
of  the  film  of  water  as  receiving  the  thrust :  But  what  is  at 
the  back  of  that  film?  I  suppose  another  film,  and  another, 
And  so  on  until  we  get  a  column." 

Prof.  Eankine's  idea  of  the  generation  of  the  reaction  column 
of  his  theory,  however  erroneous  and  impossible,  is,  granting 
his  hypothesis,  coherent  in  itself  and  conceivable,  but  this 
•column  of  Dr.  Inglis,  I  must  say,  is  altogether  inconceivable. 
Dr.  Inglis  begins  by  correcting  me  for  having  stated  that  a 
Eankine  column,  if  it  existed  at  all,  would  be  of  unlimited 
length,  or  limited  only  by  the  extent  of  the  ocean  in  which 
the  ship  was  being  propelled,  by  saying,  "not  of  tuilifnited, 
but  of  indefinite  length."     The  italics  are  Dr.  Inglis'. 
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This  correction  for  a  supporter  of  the  Bankine  column  is 
unfortunate,  for  the  Rankine  theory  and  formula  are  entirely 
based  on  the  reaction  column  being  of  a  definite  length,  in 
the  case  under  discussion  of  27*24  feet  at  10  per  cent.  slip. 
IDr.  Inglis  then  goes  on  to  explain  how  the  length  of  this 
indefinite  column  is  added  to  as  the  propeller  revolves,  the 
addition  in  each  revolution  in  this  case  being  25  feet.  Then 
follows  the  remarkable  statement,  "There  does  not,  therefore, 
•appear  to  be  any  diflSculty  in  ascertaining  the  number  of  cubic 
feet  acted  on  in  a  given  time."  I  would  ask  Dr.  Inglis  to 
give  the  cubic  feet  in  such  a  column  of  indefinite  length  made 
by  the  example  propeller  of  this  paper  at  10  per  cent,  slip, 
and  also  to  explain  how  it  could  be  pushed  astern  by  the  pro- 
peller, after  being  made  up,  at  an  accelerated  velocity  of  2*24 
feet  per  revolution?  Further,  as  this  propeller  has  four  blades 
acting  separately  and  independently,  I  would  also  ask  what 
becomes  of  the  four  columns  which  must,  on  the  Rankine 
theory,  be  generated?  It  must  be  remembered  that  a  propeller 
with  four  blades  is  a  four-threaded  screw,  and  that  propellers 
with  three  and  two  blades  are  respectively  three  and  two- 
threaded  screws.  It  would  be  interesting  if  the  supporters  of 
the  Rankine  theory  would  explain,  in  ordinary  language,  the 
mysteries  of  the  columns  arising  from  the  use  of  different 
numbers  of  blades  in  a  screw. 

Dr.  Inglis,  however,  not  content  with  his  own  column  of 
indefinite  length  receiving  an  addition  to  its  length  of  25  feet 
per  revolution,  goes  on  to  say,  **  Mr  Howden  speaks  of  a  film 
of  water  as  receiving  the  thrust:  But  what  is  at  the  back  of 
that  film?  I  suppose  another  film,  and  another,  and  so  on 
until  we  get  a  column."  If  I  had  difficulty  in  following 
Dr.  Inglis'  previous  description  of  his  Rankine  column  I  must 
-confess  to  being  still  more  puzzled  by  his  second  view  of  the 
generation  of  a  column  having  quite  the  opposite  character  of 
the  first.  In  the  first  the  additions  to  the  column  were 
pieces   25    feet   in    length.      In    the   second    the   additions   are 
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reduced  to  films.  Before  making  further  reference  to  this  film 
(x>lumn,  let  me  say  that  I  did  not  speak  of  "a  film  of  water 
receiving  the  thrust"  as  Dr.  Inglis  puts  it.  I  said  that  ''in 
obtaining  the  thrust  the  propeller  blades  only  slightly  compress 
the  surfaces  of  the  water  against  which  they  bear  in  their 
passage  over  each  succeeding  field  of  water."  In  the  case  of 
the  example  propeller  at  lo  per  cent,  slip  "the  compression 
is  only  82  inches  at  the  outer  or  most  effective  parts  of  the 
blades." 

Dr.   Inglis,  in  this  new  conception  of  generating  a  Ran  kin  e 
column  by  adding   film    to  film,  seems  to  have  forgotten    that 
when  a  screw  blade  has  passed  any  point   in   a  revolution    it 
is   never  near  the  same  point  again  and   could   not,  therefore, 
continue   to  add  film  to  film,   unless,  for  successive  periods  in 
each   revolution,  the  vessel  only  advanced  a  distance  equal    to 
the  thickness  of  the  film.'     If  this  thickness  was  equal  to  the 
compression  of  the  water  by  the  slip,  this  advance  to  give  the 
thickness  at   the  extremity  of  the   blade  would  be,  at   10   per 
cent,   slip,   as    I    have   shown,   only   -82    inches.      Taking    the 
average,   however,   over    the   blade,  at    1'5    inches,   this   would 
require  200  revolutions  of  the  screw  to  make  up  the  addition 
of  25  feet  on  the  column,  and  the  progress  of  the  ship  would 
be  reduced  during  these  200  revolutions  to  25  feet.     The  main- 
tenance   of    14-8   knots   under   these   conditions    would  require 
impulses,    each    200    revolutions,    advancing     the    ship    about 
5000    feet    per  second,   which    only  catastrophal    forces  could 
accomplish.       It    is,    therefore,    clear    that    the    formation    of 
Dr.    Inglis'   reaction  columns,  by  additions  of  films,  is  as  im- 
possible   of    accomplishment    as    is    the    ascertaining    of    the 
number  of  cubic  feet  in  columns  of  indefinite  length.      I  have 
to  apologise  for  occupying  time  with   these  incongruities,  but 
they  are,  I  hold,  the   logical   results  of  Dr.  Inglis'  descriptions 
of    the   Rankine    column.      If    Dr.   Inglis    can    give    any  less 
incongruous  explanation   of  his   descriptions  of  these  columns 
I   shall  be   pleased   to    hear   it.      But   it   is    evident    that    any 
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ttempt  to  explain  the  Kankine  column  or  reconcile  it  with 
actual  facts  must  necessarily  end  in  total  failure. 

Dr.  Inglis  continued  his  criticism  of  my  objections  to  Kan- 
ciine's  theory  thus:  **The  second  objection  is  an  extraordinary 
>ne/'  and  then  goes  on  with  what  may  be  called  a  disserta- 
iion  on  the  movement  of  bodies.  These  remarks  just 
cnentioned  refer  to  that  point  of  my  argument  where  I  object 

bo  the  weight  of  the  column,  and  the  formula  being  used 

for  calculating  the  thrust  force  or  reaction  of  the  propeller, 
even  if  a  column  could  be  formed,  on  the  ground  that  the 
screw  could  only  give  a  uniform  and  not  an  accelerated 
motion  to  the  column.  As  I  have  already  given  ample 
reasons  for  this  objection  in  the  previous  part  of  this  paper, 
and  in  all  my  other  papers,  I  need  not  go  over  the  same 
ground  again.  It  is  sufficient  to  say  that  Dr.  Inglis'  remarks 
altogether  show  that  he  has  failed  to  understand  the  questions 
at  issue. 

In  order  to  make  my  objections  to  the  Eankine  theory  still 
more  clear,  I  brought  a  third  paper  before  this  Institution  in 
this  same  session  of  1878-79,  **0n  the  Reaction  of  the  Screw 
Propeller,  with  a  Review  of  the  Theory  of  the  late  Professor 
Rankine."  This  paper  gave  the  full  working  out  of  Prof. 
Rankine's  theory,  with  his  own  formula,  on  the  cases  of  the 
example  propeller  working  at  10,  20,  and  30  per  cent,  slip  as 
in  the  present  paper,  and  the  same  arguments  as  given  here 
were  used,  though  on  some  points  in  a  much  fuller  degree. 

This  third  paper  was  read  on  29th  April,  1879,  and  dis- 
cussed for  the  first  time  on  20th  May.  Dr.  Inglis,  who  was 
present  at  the  discussion,  did  not  call  in  question  one  of  my 
proofs  of  the  un  ten  ability  of  the  Rankine  theory  and  reaction 
column,  but  instead  of  admitting  the  correctness  of  my  proofs 
against  this  theory  and  consequent  failure  of  his  support  of 
it,  he,  I  regret  to  say,  endeavoured  to  ride  off  the  field  as 
victor,    by    saying,    **  I   had   not   the    least   intention    of   setting 
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up  as  an  apolc^st  for  Dr.  Bankine,  or  of  defending  any  par- 
ticular theory  of  the  screw  propeller  ;  1  confess  to  be  rathei 
hopeless  of  any  useful  result  from  attempts  to  investigate 
theoretically  that  very  complex  subject;  I  simply  desired  to 
point  out  certain  things  in  Mr  Howden's  paper  which  in  my 
judgment  were  open  to  correction,  independently  altogether  of 
any  bearing  they  might  have  on  the  action  of  screw  propellers, 
<ind  to  show  that  if  Dr.  Banking's  theory  failed,  it  did  not  /ail 
jor  the  reasons  Mr  Howdcn  brought  forward." 

This  concluding  remark,  which  I  have  italicised^  is  a  virtual 
denial  of  the  correctness  of  my  demonstrations,   given  in  this 
special  paper  written  to  prove,  in  the  fullest  possible  manner,  the 
erroneougness  of  Prof.  Rankine's  theory,  and  is  made,  without  one 
word  of  reference  to  these  proofs,  new  or  old,  by  one  who  had 
forcibly  questioned  the  conclusions  given  in  my  previous  paper, 
and  attempted  to  defend  Prof.  Rankine.     This  mode  of  defence 
by  evasion  is,  I  submit,  hardly  a  "correct"  one.       Dr.  Inglis, 
under  the  circumstances  mentioned,  was,  I  consider,  in  honour 
bound    either    to  prove   I  was   wrong  in    my  demonstrations, 
or   to   acknowledge   his   error.       The  discussion   of   this  paper 
on   the   Review   of    the   Rankine  Theory,   was    also   adjourned 
until   the   beginning    of    next    session,   when   it  took  place   on 
25th   November,    1879.       Dr.   Inglis    did    not    appear    on    that 
occasion    to   reply   to    my    criticism    of    his   remarks   made  at 
the  previous  meeting. 

As  I  have  now  given,  in  these  quotations,  those  parts  of 
the  discussions  of  my  papers  of  1877-8-9,  which  most  con- 
troverted my  views  on  the  propeller,  and  my  proofs  of  the 
fallacy  of  the  Rankine  theory,  it  will  be  seen  that  they  do 
not  bear  out  in  the  slightest  degree  Dr.  Caird's  assertion 
that  the  most  complete  and  conclusive  refutation  of  my  views 
was  to  be  found  in  the  discussions  which  followed  my  papers. 
It  remains  for  Dr.  Caird  to  show  where  this  refutation  is  to 
be  found  in  these  or  any  other  part  of  the  discussions.  Dr. 
Gaird  has,   however,  called  special  attention  to  my  Institution 
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:>f  Naval  Architects'  paper  of  1890,  "On  Various  Theories  of 
tlie  Screw  Propeller."  This  paper  contains  the  same  demon- 
strations of  the  real  action  of  the  propeller  and  the  erroneous- 
ness  of  the  Bankine  theory,  as  given  in  this  and  my  other 
papers,  but  it  also  includes  criticisms  of  papers  and  articlea 
on  the  screw  propeller  by  Principal  Cotterill,  Dr.  William 
Froude,  Prof.  Greenhill,  Mr  R.  E.  Froude,  and  others.  As. 
the  several  treatments  of  the  propeller  by  these  distinguished 
writers  are  based  more  or  less  on  the  Rankine  theory,  I 
do  not  require  to  notice  them  further  here,  as  they  necesr 
sarily   fall   with   that  theory. 

Before  this  paper  of  1890  was  read  at  the  Annual  Meetings- 
of  the  Institution  of  Naval  Architects,  I  took  the  precaution,  as 
already  mentioned,  of  having  advance  copies  of  it  printed,  and 
sent  by  the  Secretary  eight  days  before  it  was  read,  to  all  those 
then  living,  whose  views  I  had  controverted,  so  that  they 
might  be  prepared  to  meet  my  criticisms  of  their  views  in  the 
discussion  following  the  reading.  In  the  discussion,  however, 
not  one  of  those  to  whom  the  advance  copies  were  sent,  or 
any  other  member,  called  in  question  my  demonstrations  of 
the  true  action  of  the  propeller,  or  of  the  total  incorrectness 
of  the  Rankine  theory.  These  vital  and  principal  points  of 
my  paper  were  left  unchallenged,  though  they  formed  the 
bases  of  all  my  adverse  criticisms  of  the  writers  whose- 
views  I  controverted.  It  may,  therefore,  be  reasonably 
claimed  on  this  ground  also  that  my  demonstrations  were 
unassailable. 

Notwithstanding  the  fact  I  have  stated,  that  not  one  of 
those  I  had  specifically  challenged,  or  any  other  member^ 
made  any  attempt  to  controvert  my  demonstrations,  Mr  R.  E. 
Froude,  who  took  the  leading  part  in  the  discussion,  did  raise 
a  question  on  the  dynamics  of  slip  which  was  doubtless 
intended  to  defend  the  Rankine  theory,  so  far,  at  least,  as  it 
makes  the  thrust  of  the  propeller  nearly  directly  proportional 
to  the   slip.      I   must  mention  here,  as   my  belief,  that  Prof. 
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Eaakine  did  not,  and  would  not,  have  maintained  that  the 
thrust  of  a  propeller  was  nearly  proportional  to  its  slip,  though 
his  theory  works  out  so.  Prof.  Rankine,  I  believe,  n^ver  tested 
his  formula  on  various  percentages  of  slip  and  therefore  never 
discovered  how  it  worked  out. 

As  probably  few  now  hearing  me  have  read  the  arguments 
used  by  Mr  Froude  at  this  discussion,  I  give  a  verbatim 
quotation  of  the  part  bearing  on  the  question  now  at  issue, 
taken  from  the  Transactions  of  the  Institution  of  Naval 
Architects  for  1890,  page  257.  **Mr  R.  E.  Froude,  my  Lord, 
''  in  rising  in  response  to  the  appeal  or  challenge  addressed  to 
'*  me  by  Mr  Howden  towards  the  conclusion  ot  his  paper,  I  wish 
''first  to  remark,  in  reference  to  the  apologetic  paragraph  with 
"which  the  paper  concludes,  that  for  my  pjMrt  I  shall  esteem 
**  myself  very  fortunate  if  my  imperfect  command  of  language 
"enables  me  to  comment  on  Mr  Howden's  paper  in  terms  as 
"courteous  and  well  chosen  as  those  which  he  has  himself 
"  employed.  I  turn  first  to  the  calculation  on  page  242,  which 
"occupies  a  very  prominent  position  in  this  paper,  and  which 
"  Mr  Howden  regard^  as  a  rethtctio  ad  absurdum  of  Bankine's 
"theory.  Let  us  see  what  the  figures  amount  to.  We  have: 
"  Given  propeller.  Given  revolutions  per  minute.  Slip  per  cent 
"10  to  30:  Speed.  Thrust  in  lbs.,  36,000  to  104,000.  i.h.f. 
"  expended  2,800  to  6,300.  So  far  from  being  self -condemnatory, 
"as  Mr,  Howden  represents,  these  figures  appear  to  me  to  be 
"  the  perfection  of  reason.  With  given  revolutions  per  minute, 
"we  find  that  a  trebled  slip  produces  (in  round  numbers)  a 
"trebled  thrust.  This  is  surely  a  rational  result.  Secondly, 
"this  trebled  thrust  maintained  at  a  diminished  speed  requires 
"  an  expenditure  of  between  two  and  three  times  the  h.p.  This 
"again  is  surely  quite  rational.  Mr  Howden  makes  it  seem 
"paradoxical  by  assuming  that  the  propeller  is  in  both  cases 
"  propelling  the  same  ship,  but  I  must  point  out  that  the  calcuW 
"  tion  says  nothing  about  any  ship.  The  calculation  is  solely 
"about  a  propeller.      We  choose  our  propeller,  our  revolutions 
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"per  minute,  and  our  slip  ratio  and  then  determine  the  thrust 
^'exerted;  if  we  are  to  introduce  a  ship  at  all  we  must  choose 
"  one  to  fit  the  conditions  in  each  case.  If  Mr  Howden  chooses 
"  to  introduce  a  ship  possessing  the  remarkable  characteristic  of 
"  requiring  three  times  as  much  thrust  to  propel  it  at  11  knots 
''as  it  does  at  15  knots,  I  must  protest  that  the  paradox  is  his 
•'  and  not  Prof.  Kankine's." 

It  is  difficult  to  reply  to  such  a  mode  of  argument  as 
Mr  Froude  has  -here  adopted.  It  reminds  me  of  the  art 
employed  by  a  conjuror  to  baffle  one's  senses  in  order  to  make 
one  believe  that  he,  the  conjuror,  has  actually  done  something 
which  he  has  not  done.  Mr  Froude  here,  by  a  juggle  of 
phrases,  tries  to  make  it  appear  that  I  am  responsible  for  the 
paradox  or  absurdity  which  the  Rankine  theory  produces  when 
applied  to  the  variations  of  slip,  which  occur  in  every  steam- 
ship under  changes  of  weather,  displacement,  etc. 

Taking  Mr  Froude's  remarks  so  far  as  possible  in  their  order, 
I  have  to  say  that  I  not  only  regard  my  calculations  to  which 
he  refers  as  a  reduclio  ad  absurdum  of  the  Rankine  theory,  but 
I  claim  that  in  conjunction  with  the  demonstration  of  the 
actual  motions  given  to  the  water  by  the  propeller  of  this 
paper  at  10  per  cent,  slip,  I  have  absolutely  proved  it  to  be 
so,  and  also  that  the  motion  given  to  the  water  by  slip  is  of 
uniform  velocity  and  not  accelerated  as  assumed  by  the  Rankine 
theory. 

Then  the  opinion  of  Mr  Froude,  "that  a  trebled  slip  produces 
(in  round  numbers)  a  trebled  thrust"  instead  of  being  **the 
perfection  of  reason"  as  he  considers  it  to  be,  can  easily  be 
shown  to  be  contrary  to  both  reason  and  experience,  so  that 
I  must  altogether  deny  what  Mr  LYoude  in  the  next  sentence 
assumes  he  has  proved  by  merely  making  a  statement  He 
says: — ''Secondly,  this  trebled  fhrust  maintained  at  a  diminished 
speed  requires,  etc,  etc."  This  is  merely  begging  the  question 
at  issue. 

Mr  Froude  endeavours  here  to  escape  from  the  obvious  dilemma 
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which  his  argument  creates  by  the  following  bit  of  sleight  of 
hand :  **  Mr  Howden  makes  it  seem  paradoxical  by  assuming" 
that  the  propeller  is  in  both  cases  propelling  the  same  ship, 
but  I  must  point  out  that  the  calculation  says  nothing  about 
any  ship.  The  calculation  is  solely  about  a  propeller  '*  Then 
follows  a  bit  of  distraction  about  choosing  a  propeller,  etc.,  with 
this  conclusion :  **  If  Mr  Howden  chooses  to  introduce  a  ship 
possessing  the  remarkable  characteristic  of  requiring  three  times 
as  much  thrust  to  propel  it  at  11  knots  as  it  does  at  15  knots, 
I  must  protest  that  the  paradox  is  his  and  not  Prof.  Rankine's/^ 

This  mystifying  style  of  argument  can  best  be  dealt  with  in 
detail.  In  the  first  place,  I  do  not  admit  the  trebled  thrust  which 
Mr  Froude  has  here  introduced  as  the  equivalent  of  trebled  slip, 
I  am  showing  the  absurdity  of  such  a  thing  as  this  slip  producing 
a  trebled  thrust.  Secondly,  1  do  not  assume  that  the  propeller  in 
both  cases  is  propelling  the  same  ship.  I  merely  state  the  fact. 
The  Anchor  Liner,  to  which  the  propeller  of  this  paper  was  fitted, 
often  made,  on  her  ordinary  voyages,  greater  ditferences  in  slip 
under  different  conditions  of  weather  than  from  10  to  30  per  cent, 
and  that  without  any  apparent  variation  in  thrust.* 

Thirdly,  I  do  not  introduce  a  ship  requiring  three  times  as  much 
tht-ust  to  propel  it  at  11  knots  as  it  does  at  15  knots.  This  paradox 
which  Mr  Froude  thus  endeavours  to  father  on  me  is  one  entirely 
of  his  own  creation,  by  his  gratuitous  introduction  of  the  word 
thrust  instead  of  slip.     The  paradox  is  a  product  of  Prof.  Rankine's- 

*  A  difference  of  only  20  per  cent,  slip  in  the  same  ship  caused  by  good 
or  bad  weather  is  extremely  moderate.  The  Atlantic  passenger  steamers 
of  25  to  30  years  ago,  when  the  ships  were  so  much  smaller  and  of  much 
less  power  and  speed  than  the  enormous  steamers  of  to-day,  with  speeds, 
of  from  18  to  23  knots  and  proportional  i.h.p.,  often  made 
extraordinary  percentages  of  slip.  There  is  an  instance  on  record  when 
"^ll  I  the  Cunard  steamer  "Russia,"   of  note  in  her  day,  made  a  slip   under 

stress  of  weather  averaging  over  two  days'  steaming  of  no  less  than  70 
per  cent.  I  have  not  the  particulars  of  the  i.h.p.  of  this  liner,  but  taking 
it  at  3000  when  making  10  per  cent,  slip,  I  may  safely  say  that  the  i.h.p, 
under  70  per  cent,  slip  did  not  on  that  occasion  rise  to  20,000,  or  that 
the  engineers  on  board  were  conscious  of  any  corresponding  increase  of 
thrust,  as  Prof.  Rankine's  theory  postulates  and  Mr.  Froude's  asserts. 
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theory  and  of  Mr  Froude's  argument.  This  operation  on 
Mr  Fronde's  part  is  very  adroit,  and  would  lead  many  astray,  but 
it  is  not  fair  argument.* 

Prof.  Rankine's  calculations  in  illustration  of  his  theory  were 
also  of  a  propeller  fitted  to  H.M.S.  "Warrior."  These  cal- 
culations were,  unfortunately,  taken  with  one  slip  only,  viz., 
that  made  on  her  short  trial.  If  the  calculation  had  been 
made  with  various  slips,  Prof.  Rankine's  theory  would  never 
have  been  formulated.  Mr  Froude's  statement  that  the  cal- 
culation he  was  criticising  "says  nothing  about  any  ship,"  is, 
therefore,  entirely  incorrect,  though  it  was  convenient  to  ignore 
the  ship  and  the  various  slips  made  by  the  screw  when  en- 
deavouring to  uphold  the  proposition  that  thrust  is  proportionate 
to  slip. 

I  conclude  my  criticism  of  Mr  Fronde's  remarks  on  my  paper 
by  calling  attention  to  his  notable  description  of  the  genesis  of 
a  screw — "We  choose  our  propeller,  our  revolutions  per  minute, 
and  our  slip  ratio,  and  then  determine  the  thrust  exerted;  if 
we  are  to  introduce  a  ship  at  all  we  must  choose  one  to  fit  the 
conditions  in  each  case." 


•I  have  not  time  here  to  take  up  the  question  whether  the  thrust 
increases  or  decreases  with  increase  of  slip.  It  depends  much  on  the  form 
of  the  screw.  With  some  forms  it  would  be  decreased,  with  others  in- 
creased, as  with  proper  forms  a  less  |)roportion  of  the  i.h.p.  is  spent  use- 
lessly. It  may  be  sufficient  in  the  meantime  to  show  the  utterly  untenable 
position  as  regards  the  relation  of  slip  to  thrust,  which  Mr.  Froude  up- 
holds, by  an  extreme  case  of  slip  experienced  by  every  builder  of  marine 
engines  on  the  Clyde,  that  of  testing  these  engines  with  the  ship  tied 
hard  up  to  the  quay.  As  the  ship  in  this  case  has  no  movement,  the 
slip  is  then  loo  per  cent.  With  fine  pitched  screws  of  a  certain  form  I 
have  run  engines  faster  when  making  this  loo  per  cent,  slip  than  when  on 
sea  trial  at  full  power,  showing  that  no  more  power  was  required  with  the 
screw  making  loo  than  when  making  lo  per  cent.  slip.  Though  no  power 
whatever  is  used  in  driving  the  ship  when  this  loo  per  cent,  is  being 
made,  all  being  used  in  driving  the  water  astern,  I  have  never  found  any 
appreciable  indication  of  an  increased  thrust,  though  in  most  cases  some 
increase  must  have  occurred.  The  larger  proportion  of  the  power  in  such 
cases  is  wasted  in  churning  the  water. 

14 
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From  this  description  of  designing  a  screw,  it  appears  that 
the  screw  itself  is  the  first  and,  it  may  be,  the  only  consideration ; 
the  ship,  if  it  is  to  be  used  at  all,  being  quite  a  secondary,  if  not 
an  unnecessary  object,  while  the  engines  are  not  considered  at  all. 
After  the  propeller  is  "chosen" — I  understand  this  expression 
to  mean,  diameter  is  chosen,  as  it  is  not  likely  that  the  Admiralty 
"  stock "  propellers  of  all  sizes  and  pitches,  though  from  the 
context,  one  would  suppose  that  it  stocked  ships — after  the 
diameter  then  is  chosen,  the  revolutions  are  chosen,  then 
the  percentage  of  slip  it  is  to  work  at,  and  from  these  factors. 
the  thrust  exerted  is  determined.  It  appears  unnecessary  to 
have  the  slip  and  thrust  of  these  self-sufficient  propellers  tested 
on  a  ship — but  if  such  thing  as  a  ship  is  introduced  one  must 
be  chosen  (from  stock?)  to  fit  the  propeller,  and  allow  it  to 
fulfil  the  conditions  of  slip  and  thrust  it  was  designed  for.  It 
follows,  therefore,  that  if  through  some  slight  overlook  on  the 
part  of  the  designer  of  the  screw,  or  the  provider  of  the  ship, 
the  calculated  slip,  and  consequently  thrust,  are  not  produced, 
then  the  ship  must  be  removed  from  the  propeller  and  another 
ship  fitted  on  in  order  that  the  propeller's  designed  results  may 
be  attained.  It  might  be  also  that  the  revolutions  decided  on 
were  short  of  requirements.  This  would,  of  course,  be  the 
fault  of  the  engines  and  boilers  supplied.  These  minor 
accessories  would  therefore  require  to  be  removed  and  another 
set  fitted  to  allow  the  proper  revolutions  of  the  propeller  to 
be  attained. 

The  assumptions  given  above  logically  follow  from  Mr  Froude's 
account  of  his  autocratic  screws,  which  must  have  ships  and 
engines  provided  to  give  exactly  the  slip,  thrust,  and  revolu- 
tions they  are  designed  for,  and  must  further  require  that  the  ships 
provided  for  them — unlike  ships  fitted  with  common  screws — 
shall,  with  the  same  revolutions  of  engines,  always  maintain 
the  same  slip  of  screw  and  consequently  the  same  speed  at 
sea  whatever  the  weather  may  be,  favourable  or  unfavourable, 
otherwise  the  pre-determined  thrust  would  not  be  obtained  if 
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the  two  chosen  factors  of  revolutions  and  slip  were  altered. 
Mr  Froude's  experience,  I  believe,  with  screws  and  ships,  has 
been  exclusively  with  those  of  H.M/s  Navy.  I  have  not  had 
such  special  experience,  but  I  shall  go  so  far  as  to  question 
the  implied  fact  that  the  universal  laws  of  nature  which 
govern  all  other  material  things,  are  suspended  in  favour  of 
H.M.'s  ships  fitted  with  these  screws. 

With  ordinary  engineers  the  designing  of  propellers  proceeds 
in  exactly  the  contrary  way  to  that  described  by  Mr  Froude. 
The  first  consideration  with  them  is  the  ship,  its  dimensions, 
speed,  and  displacement  and  carrying  capacity  on  a  given  draught. 
Then  the  engines,  to  give  the  desired  speed  in  the  most 
economical  and  efficient  manner  to  suit  the  character  of  the 
ship,  would  be  designed,  the  propeller  last  of  all  to  suit  the 
ship  and  engines. 

The  size  of  the  ship,  with  the  stroke  and  power  of  the 
engines,  would  determine  the  diameter  and  revolutions  of 
the  propeller,  also  its  pitch.  As  for  the  slip,  the  aim  should 
be  to  make  this  as  small  as  possible  by  having  suitable  blades, 
all  sHp  being  waste  of  power.  To  effect  the  highest  eflSciency 
of  any  propeller  with  the  smallest  possible  slip,  the  surface  of 
the  blades  used,  and  disposition  of  that  surface  in  each  case, 
is  of  vital  importance. 

Having  now  examined  the  discussions  of  my  papers,  in 
which  discussions  Dr.  Caird  asserted  that  my  arguments 
were  so  completely  and  conclusively  refuted  as  to  make  any 
further  remarks  by  him  a  mere  work  of  supererogation,  I 
believe  that  it  will  be  found  that  I  have  fulfilled  what  I 
undertook  to  do,  viz. ;  to  prove  that  Dr.  Caird's  statements 
were  entirely  contrary  to  fact,  and  that  in  no  case  were  my 
demonstrations  of  the  true  action  of  the  screw  called  in 
question,  or  my  proofs  of  the  errors  of  the  Eankine  and 
analogous  theories  challenged,  or  in  any  degree  refuted.  It 
remains  now  with  Dr.  Caird  either  to  establish  his  assertions 
or  to  acknowledge  his  mistake. 
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Examination  of  Db.  Caibd's  Cbiticism  of  mt  Bemabks  ok  Sis 
Paper  on  "Propelleb  Diagbams"  and  Concluding  Bemasks. 

Sixth, — I  should  have  preferred  to  conclude  this  already  very- 
long  paper  here,  but  as  Dr.  Caird,  in  his  criticism  of  my  remarks 
on  his  1895  paper  (besides  denouncing  my  papers  on  propellers, 
as  a  whole,  in  the  words  which  have  led  me  to  bring  this 
subject  again  before  the  Institution),  further  criticised  my 
remarks  on  his  paper  and,  doubtless  in  his  estimation,  con- 
clusively refuted  them,  it  is  necessary  that  I  should  now 
defend  these  remarks,  not  having  had  a  previous  opportunity. 

Dr.   Caird,  in  the  criticism  to  which  I  refer,  said,  "In    Mr 
Howden's    disproof  of    the  5th    proposition,    advanced   by    Mr 
Froude,  there  was  very  unexpectedly  something  to  lay  hold  of. 
In  the  statement  of  that  proposition  which  Mr  Howden  gave, 
within  inverted  commas  as  a  quotation  from  his  (Mr  Caird's) 
paper,  he  quite  gratuitously,  and  he  need  scarcely  say  errone- 
ously, interpolated   the  word   *  ships '   in  the  definition    of  the 
symbol  Yi,    making  it  mean  speed  of  ship's  advance,   insteaxl 
of,  as  it  was  very  clearly  defined  in  the  table  of  symbols  on 
page  10,  the  actual  speed  of  the  screw  through  the  wake  current 
in  which  it  worked.     This  had  perhaps  been  done  inadvertently, 
in  which  case  it  was  to  be  regretted  that  carelessness  should 
have  led  Mr  Howden  into  so  gross  and  palpable  a  blunder.'* 

Dr.  Caird  has  here  kindly  suggested  a  possible  inadvert- 
ence or  carelessness  on  my  part  as  a  palliation  of  what  he 
calls  a  gratuitous  and  erroneous  interpolation  of  **  ship's  *' 
actual  advance,  instead  of  **  screw's "  actual  advance  through 
the  wake  cun-ent.  While  appreciating  Dr.  Caird's  considera- 
tion in  this  instance,  I  fear  I  am  unable  to  take  full  advantage 
of  it.  The  remarks  were  made  up  very  hurriedly  just  before 
the  discussion  took  place,  and  as  that  is  ten  years  ago  I 
cannot  recall  all  that  occurred,  but  I  have  a  strong  impres- 
sion that  when  I  wrote  ** ship's"  advance,  I  had  Mr  Froude's 
5th  proposition,  as  stated  by  Dr.  Caird  in  the  Transactions 
of    the     Institution,    Vol.    XXXIX.,    page    22,     before     me> 
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where    Vj   is    stated   to    equal    **  Speed    of    advance,"   without 
reference   to  either   ship  or    screw.      I   believe,   however,   that 
after  my  calculations  were  made,  I  noticed  the  fuller  explana- 
tion   of    the    symbols    on    page    10.       The    reason    the    word 
**  screw"   was   not  inserted   was,   doubtless,   because   I  wished 
to    deal   with   actual,  and  not   hypothetical   figures,  as  I  knew 
that   neither   Mr   Froude   nor   Dr.    Caird   could   give   the   value 
of    the    wake.       Another  good  reason   was    that    whether    the 
advance  of  the   "screw''   or  the   "ship"   was   used,    it    made 
no  difference  whatever  on  the  two  values  of  efficiencies  given 
in   my  two  equations.      The  advances  of  the  screws   and    ship 
being  equal  in  the  two  cases  I  gave,  the  comparative  efficiencies 
of  the  screws  were  not  in  the  slightest  degree  affected.      The 
smaller  screw,  therefore,  by  Mr  Froude's  formula,  gave  44  per 
cent,    more   efficiency,    though   it   did  only   the   same   work   as 
the  larger  screw  on  the  same  revolutions.      The  formula  was, 
therefore,     wrong.       Had    Dr.    Caird    examined    Mr    Froude's 
formula    and    my   equations    a    little    more    closely,    he   would 
have  discovered  that  whether  ship's  progress  or  screw's  progress 
was  used  it  did  not  affect  the  correctness  of  my  illustration  one 
straw,  and  this  cry  of  "gratuitous  and  erroneous  interpolation" 
and  "gross  and  palpable  blunder"  would  never  have  been  raised. 
Dr.  Caird,  after  his  discovery  of  this  "mare's  nest,"  goes  on 
to  show,  as  I  understand,  that  if  this  5th  proposition  had  been 
applied  to  the  cases  of  these  10  and  12  feet  screws   at  other 
and  different   revolutions,   it    would   have   come   all   right,    and 
shown    equal    efficiencies.       This,    he    says,     would    be    done 
by  causing  the   12  feet  propeller   to  run  at   94   revolutions  per 
minute,  and   the   10  feet  propeller  at   124   revolutions.      This, 
more   than  anything   I    could   say,    goes    to   show   the   entirely 
empirical   and   unscientific  character   of  the  formula,  where  to 
get  from   a   screw  a  certain  result   not  actually  the  best,    but 
the  best  according  to  the   formula,  you  require   to  change  the 
engines.     The  engines  in  the  ship  I  have  given  as  an  example 
ran  probably  from  65  to  70  revolutions  per  minute.      To  have 
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put  in  a  screw  to  run  at  94  revolutions  would  have  probably 
wrecked  the  engines,  and  to  have  used  124  revolutions  witbi 
the  10  feet  screw,  would  have  been  impossible.  Ordinary 
shipowners  could  not  afford  to  change  engines  to  accommodate 
a  formula  which  prescribes  a  certain  number  of  revolutions  for 
a  given  diameter  of  screw.  What  should  be  done  in  such  casea^ 
is  to  change  the  screw  and  not  the  engines. 

This  formula  was  made  up  evidently  to  suit  the  results 
obtained  from  trials  of  screws  of  an  empirical  form  used  in 
fine  ended  vessels  of  H.M.  Navy,  where  the  necessity  for 
reducing  height  and  weight  requires  short  stroked  engines  run 
at  a  high  speed  to  obtain  the  necessary  power.  The  pro- 
pellers used  in  these  ships  have  been  altered  in  form  from 
time  to  time  until  certain  relations  of  diameter,  revolutions, 
and  shape  of  blade,  become  stereotyped  as  those  producing 
the  best  results.  Mr  Froude's  formula  I  doubt  not  would  be 
useful  in  the  hands  of  those  using  such  ships  and  engines  and 
form  of  screws  in  arriving  at  the  diameter,  revolutions,  and  pitch 
of  screws  which  appeared  to  give  the  best  results  under  the  same 
conditions  of  working,  but  that  this  formula  could  guide  one  in 
discovering  the  actual  principles  which  govern  the  real  efficiency 
of  screw  propellers  generally,  and  consequently  lead  one  to  obtain 
the  highest  efficiency,  I  must  decidedly  deny.  On  the  contrary, 
this  and  other  formulsB,  based  on  mistaken  ideas  of  the  action 
of  the  propeller,  have  for  the  last  40  years  prevented  the  most 
effective  form  of  screws  for  steamers  from  being  positively 
arrived  at,  and  the  true  basis  of  the  screw^s  reaction  from 
being  understood,  causing  the  maze  of  confusion  and  contra- 
diction which  exists  to  this  day  regarding  the  action  of  the 
screw  propeller  in  our  technical  literature. 

This  formula  of  Mr  Froude's  for  ''determining  the  most 
suitable  dimensions  of  screw  propellers'*  is  of  the  same  cate- 
gory as  formulae  made  up  by  Mr  John  Thom,  which  were 
brought  before  this  Institution  at  the  discussion  of  Dr.  Gaird^s 
paper  on  "Propeller  Diagrams,"  though  published  before  that 
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time.  These  formulae  were  axrived  at  by  taking  the  dimensions 
of  a  nmnber  of  screws  in  steamers  of  various  sizes  and  speeds 
then  running,  the  dimensions,  speeds,  and  power  being  obtained 
from  the  owners  or  builders  of  the  ships,  or  otherwise.  Two 
sets  of  constants  are  then  obtained  from  the  data  in  the  follow- 
ing manner :  For  the  first  set,  the  disc  area  of  the  screw  x 
speed*  in  knots  -^  the  i.h.p.  =  constant.  For  the  second  set 
of  constants,  the  projected  area,  looking  fore  and  aft  x  speed 
of  ship  *  -^  I.  H.  p.  =  constant.  Mr  Thom  gave  the  constants 
obtained  by  the  application  of  the  above  formulae  to  six 
steamers.  In  five  steamers  the  first  set  of  constants  ranged 
from  171  to  225,  and  the  second  set  from  58  to  69.  These 
five  steamers  were  the  "City  of  Eome,"  " Fumessia,"  "Kowshing," 
etc."*  Mr  Thom,  in  explanation  of  his  constants  said,  *'By 
means  of  these  formulae  it  could  be  shown  whether  the  proposed 
propeller  would  be  efficient  or  not."  He  supported  this  claim 
by  referring  to  the  case  of  the  "  Iris,"  whose  original  screws, 
unfortunately,  by  reason  of  a  mistaken  theory  on  which  they 
were  proportioned,  were  made  abnormally  large.  This  is  a 
rather  easy  way  of  proving  the  advantages  of  such  formulae, 
and  it  is  a  very  large  claim  to  make  on  such  slender  groimds. 
These  formulae  can  only  give  a  rough  guidance  to  those  who 
have  no  experience  of  their  own  of  the  ordinary  proportions 
of  screws  for  a  given  engine  power  on  given  revolutions  as  to 
diameter,  pitch,  and  blade  surface,  and  who  are  unable  to  obtain 
this  information  from  any  other  source.  What  such  persons 
would  gain  from  the  use  of  Mr  Thorn's  formulae  would  be  that 
if  the  screws  were  made  to  give  the  constants  of  the  formulae 
(the  required  i.h.p.  being  always  assured),  then  they  might 
anticipate  that  they  would  obtain  results,  not  of  the  highest 
efficiency,  but  probably  not  worse  than  those  obtained  from 
the  screws  of  the  "City  of  Eome,"  "Fumessia,"  etc.  I  have 
no  knowledge  of  the  actual  efficiency  of  the  screws  in  these 
and    the  other  ships   given   as   standards    ten    years   ago,   but 

*  See  Transactions  of  the  Institution,  Vol.  XXXIX.,  p.  40. 
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I  am  quite  sure  from  analogous  cases  they  could  all  be  greatly 
improved.  These  formulae,  therefore,  so  far  from  leading  to 
improvements  in  propellers  or  giving  the  slightest  scientific 
information  regarding  their  real  action,  have,  as  I  have  said  of 
Mr  Froude's  formula,  simply  prevented  improvement  and  left  the 
science  of  the  propeller  in  a  greater  state  of  confusion  and 
mystery  than  before. 

To  effect  the  highest  efficiency  in  a  propeller  from  a  given 
power,  the  smallest  possible  slip  is  to  be  aimed  at,  and  the 
shape  of  the  blades,  as  regards  the  disposition  of  surface,  is 
of  vital  importance.  In  Mr  Froude's  formula  the  shape  of 
the  blades,  number,  and  surface,  or  disposition  of  surface,  have 
no  place.  In  Mr.  Thom's  formulae  projected  views  of  the 
blades  are  taken  into  account,  but  this,  while  a  recognition  of 
blades,  is  of  minor  importance.  It  even  works  the  wrong  way 
as  an  increase  of  pitch  in  a  blade  of  the  same  shape  and 
surface  would  give  a  reduced  constant. 

In  Mr  Froude's  formula,  though  the  blades  have  no  place 
whatever,  it  is  mentioned  in  some  of  his  papers  that  they 
should  be  **pear"  shaped,  and  Dr,  Caird  in  his  reply  to  my 
criticism  in  January,  1896,  stated  they  should  be  "elliptical" 
in  form.  But  in  the  name  of  science,  what  guidance  can  one 
receive  from  the  mention  of  the  words  '*pear  shaped"  or 
**  elliptical  in  form,"  or  by  following  certain  formulae,  which 
will  produce  screws  giving  constants  like  those  in  the  "Fumessia" 
or  **Kowshing?"  Pears  have  many  shapes  and  ellipses  can 
be  almost  infinitely  varied;  the  "Furnessia"  and  "  Kowshing,'*  I 
venture  to  say,  had  imperfect  screws,  so  that  taking  these  formulae 
as  guides  in  order  to  obtain  the  most  suitable  *'  Dimensions  for 
Screw  Propellers"  is  something  other  than  **  beyond  praise.". 

Probably  I  may  be  told  by  Dr.  Caird  that  I  must  use  the 
proportion  of  pears  or  ellipses,  as  used  by  the  Admiralty  in 
their  ships.  If  so,  why,  before  giving  such  formulae  and 
curves  to  the  world  as  guidance  in  screw  making,  did  not  the 
authors   give   the   actual   proportions   of    length    to   breadth   of 
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tiliese  pear  or  elliptical  shaped  blades?  The  actual  reason 
is  that  all  these  professional  screw  formula  makers,  by  refusing 
to  receive  the  explanation  of  the  true  action  of  the  screw 
propeller,  given  to  them  nearly  30  years  ago,  and  by  accept- 
ing instead,  erroneous  theories  having  no  relation  to  facts, 
tiave,  with  their  formulae  and  so  called  curves  of  eflSciency, 
not  only  deceived  themselves,  but  created  the  unparalleled 
muddle  which  continues  to  this  day  in  everything  relating 
to  the  science  of  the  screw  propeller.  This  has  prevented 
all  practical  improvements  on  a  scientific  basis.  In  the  words 
of  Tyndall,  in  a  philosophical  but  somewhat  analogous  case, 
such  theories  and  formulae  can  as  little  give  a  man  assistance 
in  propeller  making  *'  as  he  can  lift  himself  by  his  own  waist- 
band."    They  do  not  stand  in  the  relation  of  cause  and  effect. 

Speaking  more  positively,  I  say  that  instead  of  either  the 
**pear"  or  elliptical"  form  of  blades  being  necessary  to  obtain 
the  "highest  efficiency"  with  given  diameter  and  revolutions, 
1  am  prepared  to  prove  absolutely  by  actual  trials  that  just 
because  blades  are  pear  or  elliptical  shaped  they  cannot  yield 
the  highest  efficiency. 

It  is  well  known  that,  notwithstanding  the  hundreds  of  trials 
which  have  been  made  with  propellers  in  the  Navy  during  many 
years  to  obtain  the  highest  efficiency  under  scientific  direction, 
assisted  by  model  trials  in  tanks  and  hundreds  of  real  trials  in 
ships,  these  screws  have  been  found  by  recent  trials  to  have  been 
greatly  lacking  in  efficiency.  The  alterations  made  by  rule 
of  thumb  practice  have  resulted  in  obtaining  an  extra  knot 
or  80  on  highest  speeds  with  the  same  power,  than  had  been 
obtained  from  the  formulae  screws.  Most  of  the  propellers 
which  I  see  used  in  ordinary  steamships  are  at  this  moment 
in  somewhat  the  same  condition  of  inefficiency.  If  there  is  an 
effective  propeller  in  a  ship,  it  is  there  more  from  accident 
than  design,  or  at  least,  not  from  knowledge  of  the  real 
cause  of  its  superiority. 

No  better  example   of    the   bewildering  confusion   of    views 
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regarding  the  action  of  the  screw,  propeller  which  exists  among 
men,  even  of  high  scientific  education  and  practical  experi- 
ence, is  to  be  found  than  in  the  paper  read  before  the  Institu- 
tion of  Civil  Engineers  by  Mr  Sidney  W.  Bamaby,  in  the 
early  part  of  1890.  This  paper,  as  separately  published,  con- 
tains not  only  Mr  Barnaby's  own  views  of  screw  propellers, 
but  those  of  almost  every  one  in  this  and  other  maritime 
countries  who  were  known  to  have  written  on  propellers,  or 
were  conversant  therewith ;  all  such  having  been  asked  to 
assist  at  the  discussion  of  this  paper  or  to  send  contributions 
on  the  subject.  The  discussion  was  of  the  most  varied  and 
extensive  character,  occupying  nearly  four  and  a  half  times  more 
space  than  the  paper  itself.  What  is  most  remarkable  is,  that  of 
all  the  many  distinguished  and  prominent  men  who  took  part 
in  the  discussion,  hardly  any  two  agreed  on  almost  any  im- 
portant point,  or  could  give  any  definite  explanation  of  the 
points  on  which  they  differed. 

Mr  Barnaby  himself  began  his  paper  thus : — 

"The  last  paper  read  before  this  Institution  upon  the  sub- 
ject of  the  Screw  Propeller,  was  written  by  Sir  Francis 
Knowles  in  1871.  Sir  Francis  came  to  the  conclusion  that 
*  there  must  be  some  fixed  form '  of  helix  *  which  is  better  than 
any  other,'  and  he  sought,  by  an  elaborate  mathematical 
analysis,  to  discover  what  that  best  form  was. 

"  In  striking  contrast  to  this  opinion  as  to  the  importance 
of  form,  was  the  statement  made  by  Mr  Eobert  Griffiths,  at  the 
close  of  almost  a  life's  work  upon  the  screw,  that  'four  strips 
of  plate  iron,  set  at  an  angle  on  the  shaft,  which  would 
hold  the  engine  to  the  speed  you  required,  would  give  you 
within  half  a  knot  of  the  best  screw  ever  made. 

*^  There  seems  little  doubt  that  the  truth  must  be  sought 
between  these  two  extremes." 

This  remark  of  Mr  Barnaby  shows  how  after  many  years 
work  in  constructing  and  making  experiments  with  propellers, 
also  publishing  treatises   thereon,  he  was  yet  undecided  as   to 
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the  reasons  why  both  of  these  statements  should  be  rejected, 
and  concluded  **  that  the  truth  must  be  sought  between  these  two 
extremes." 

Sir  Francis  Knowles'  quest  after  "some  fixed  form  of  hehx 
better  than  any  other  "  is  a  fruitless  quest,  even  though  one  form 
and  size  of  ship,  one  speed  and  one  power  of  engine,  were  fixed 
for  all  time  and  for  all  purposes.  There  is  much  more  than  the 
helix  concerned  in  finding  the  most  suitable  propeller.  Such 
searches  are  of  the  same  order  as  Dr.  Caird's  oracular  dictum  in 
his  paper  on  ** Propeller  Diagrams."  "There  is  one  pitch,  and 
one  pitch  only,  which  will  satisfy  the  conditions  of  any  case 
where  i.h.p.,  revolutions,  speed  of  advance,  and  diameter  of  screw 
are  given."  Such  an  assertion  also  shows  how  far  short  its 
author  comes  of  comprehending  the  real  factors  involved  in 
ascertaining  the  best  propeller  for  any  particular  case.  Mr  Eobert 
Griffiths'  statement  can  be  easily  shown  by  the  application  of  my 
geometrical  analysis  to  be  altogether  wrong,  Mr  Bamaby,  how- 
ever, made  expensive  trials  with  flat  and  helical  blades  and  then 
discovered  how  greatly  the  results  differed.  If  Mr  Barnaby  had 
read  the  case  of  the  two  propellers  in  my  paper  of  1878  in  the  Trans- 
actions of  the  Institution  for  that  year,  Vol.  XXII.,  pp.  46-48, 
where  one  of  the  propellers  had  much  of  the  flat  blade  character, 
he  would  have  found  a  geometrical  analysis  of  this  screw's  action 
showing  exactly  the  effect  made  on  the  water  by  such  blades,  and 
the  manner  and  extent  in  which  one  part  of  the  blade  worked 
against  the  other  part,  correctly  drawn  and  explained.  By  doing 
so,  all  the  trouble  and  expense  of  making  trials  to  discover  what 
results  would  follow  the  use  of  flat  blades  would  have  been  saved. 
Mr  Bamaby  in  his  paper  finds  great  merit  in  Mr  Thom's  constants, 
and  says  that  by  their  aid  it  is  possible  to  determine  approximately 
the  best  dimensions  of  screws  to  propel  vessels  of  any  given  size 
and  H,p. ! 

What  I  call  special  attention  to  is  the  tone  of  uncertainty 
which  pervades  the  whole  paper,  and  the  absence  of  any 
defined  principles  of  the  screw's  action  as  in  all  other  treatises 
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on  this  subject.  This  uncertainty  and  entire  absence  of  scientific 
principle  in  regard  to  the  screw  propeller's  action  is,  as  I  have 
already  said,  most  impressively  brought  home  to  any  open  mind 
by  the  reading  of  the  views  of  those  who  took  part  in  the  discus- 
sion of  Mr  Bamaby's  paper.  Every  possible  and  impossible  idea 
is  introduced,  each  one  claiming,  apparently,  equal  right  to  a 
hearing,  however  contradictory  these  may  be  to  each  other ;  there 
is  no  common  standpoint  among  them. 

Mr  Edward  Eeynolds  (of  Messrs.  Vickers  &  Co.),  one  of  the 
ablest  of  those  who  took  part  in  the  discussion,  and  who  had 
probably  made  more  large  propellers  than  any  other  present,  said, 
**  he  had  been  frequently  urged  by  different  Institutions  to  under- 
take such  a  paper 'himself,  but  he  had  been  obliged  to  decline 
because  from  an  academical  point  of  view  he  knew  nothing  about 
the  subject.  He  thought  he  knew  all  about  propellers,  but  now, 
having  made  many  hundreds  for  some  of  the  most  important 
ships  in  the  world,  he  felt  he  knew  nothing  about  the  matter." 
Such  is,  and  has  been,  the  condition  of  the  science  of  the 
screw  propeller  since  it  became  almost  the  sole  instrument  for 
the  propelling  of  steamships. 

In  concluding  this  paper,  virtually  one  of  defence,  I  am,  as  it 
were,  forced  to  state  my  position  in  regard  to  the  scientific  treat- 
ment of  the  action  of  the  screw  propeller.  I  claim,  after  a  long 
examination  of  other  writings  on  the  subject,  that  the  demonstra- 
tions I  have  given  in  this  and  my  four  previous  papers  contain 
the  only  true  and  complete  exhibition  of  the  action  of  the  propeller 
that  exists  in  screw  literature.  These  demonstrations,  I  submit, 
give  the  key  to  the  solution  of  every  problem  connected  with 
screw  propellers  and  screw  propulsion,  which  hitherto,  owing  to 
the  world  wide  acceptance  of  erroneous  theories  of  the  screw's 
action,  have  appeared  mysterious  and  insoluble. 

I  am  conscious  of  having  used  much  plainness  of  speech  in  my 
handling  of  the  subject,  and  in  referring  to  those  who  have  been 
the  chief  advocates  of  erroneous  theories — many  of  whom  I  hold 
in  the  highest  respect.     I   believe,  however,  I  am  justified  in 
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this  plain  speaking,  as  all  my  previous  endeavours,  extending 
over  these  many  years,  to  put  the  science  of  screw  propelling  on 
proper  lines,  have  only  obtained  for  me  this  recognition,  voiced 
by  an  enthusiastic  supporter  of  what  I  say  are  erroneous  theories, 
that,  all  my  published  papers  demonstrating  the  action  of  the 
propeller  and  the  erroneousness  of  the  views  of  the  experts 
have  been  so  completely  and  conclusively  refuted  in  the  dis- 
cussions which  followed  their  reading,  as  to  make  further  notice 
of  them  a  mere  waste  of  time,  while  those  other  exhibitions 
of  the  screw's  action  which  I  had  the  temerity  to  question  are 
beyond  all  praise. 

Under  these  circumstances  it  appeared  to  me  that  my  previous 
references  to  these  expert  views  had  not  been  sufficiently 
emphatic,  and  that  a  more  direct  style  was  absolutely  necessary 
to  gain  a  hearing.  I  apologise  if  I  have  erred  now  on  the 
emphatic  side.  *'The  swing  of  the  pendulum,"  about  which 
so  much  is  heard,  in  these  exciting  times,  may  probably  have 
had  its  influence  in  this  direction. 

I  trust  I  am  not  asking  too  much  if  I  venture  to  request 
those  who  take  part  in  this  discussion  to  confine  themselves 
in  the  first  place  to  my  demonstrations  of  the  true  action  of 
the  propeller  and  the  erroneousness  of  Prof.  Eankine's  and 
similar  theories,  before  taking  up  the  secondary  matters  which 
have  arisen  from  my  review  of  the  discussions  of  my  previous 
papers.     Hitherto  these  two  principal  points  have  been  avoided. 

Discussion, 

Dr.  EoBERT  Caird  (Member)  said  he  presumed,  considering  the 
manner  in  which  his  name  had  been  introduced  into  Mr  Howden's 
paper  and  the  prominence  which  had  been  given  to  it,  that  he  might 
be  permitted  to  open  this  discussion.  He  asked  this  solely  for  the 
purpose  of  making  a  personal  explanation,  and  not  in  order  to 
engage  in  a  polemic  which  had  already  been  before  the  engineering 
world  for  some  twenty-eight  years.  He  was  very  much  surprised 
and  equally  vexed  that  any  remarks  of  his  made  ten  years  aga 
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should  retain  their  power  to  rankle  in  Mr  Howden's  mind,  &nd.  to 
provoke  him  to  so  tremendous  a  defence  of  his  already   ^ell 
known  position.      He  was  glad  of  the  opportunity  of  expressing 
to  Mr  Howden,  before  the  Members  of  that  Institution,  his  deep 
regret  that  any  words  of  his  should  have  appeared  to  savour  of 
unfriendliness  or  to  fall  in  any  way  short  of  the  respect  he  felt  for 
the  attainments  of  so  eminent  a  colleague.     He  confessed  that,  on 
re-reading  his  remarks  in  reply  to  Mr  Howden,  he  could  see  ho'w 
easy  it  would  have  been  to  avoid  the  personal  note  without  invali- 
dating the  argument  and  so  have  saved  Mr  Howden  the  labour  of 
preparing  those  famous  papers  of  his  for  re-presentation  to  the  In- 
stitution.    It  was  a  youthful  indiscretion  to  allow  himself  to  be 
drawn  into  the  general  discussion  at  all,  even  to  the  extent  of 
signifying  a  preference  for  one  line  of  argument  over  another, 
when  there  was  nothing  in  the  scheme  of  his  paper  calling  for 
4iny  examination  of  theories  on  the  true  action  of  a  screw  pro- 
peller.    The  position  was  shortly  this.     Mr  Howden,  in  his  1890 
paper,  read  before  the  Institution  of  Naval  Architects,  criticised 
adversely  Rankine's  method  of  investigation.      Mr  R.  E.  Froude 
replied,  and  in  his  (Dr.  Caird's)  remarks  in  the  discussion  on  his 
paper,  he  referred  students  to  that  reply  as  a  complete  refutation 
-of  Mr  Howden's  arguments  in  his  attack.     If  it  were  supereroga- 
tory for  him  to  add  anything  to  Froude's  defence  he  might  have 
denied  himself  the  pleasure  of  saying  so  without  in  any  way  pre- 
judicing the  cause  of  truth.     When  the  voluminous  advance  sheets 
of  Mr  Howden's  paper  reached  him  a  week  ago,  his  first  impression 
was  that  the  result  appeared  to  be  in  bulk,  not  disproportionate  to 
the  period  of  incubation.     But  it  seemed  that  by  a  series  of  acci- 
dents his  obnoxious  remarks  were  not  brought  under  Mr  Howden's 
notice  until  five  years  after  publication,  and  another  five  years 
-elapsed  before  he  found  health  and  leisure  to  issue  his  stupendous 
•challenge.     Now,  he  was  aware  that  for  him  his  criticism  of  Mr 
Howden's  remarks  in  the  discussion  was  '*  lengthy,"  but  he  was 
very  much  surprised  that  Mr  Howden  found  it  so,  measured  by  the 
-criterion  of  his  own  practice.      He  could  not  have  spoken  very 
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long,  as  the  report  of  what  he  said  occupied  only  a  trifle  over  two 
X>^e8  of  the  Transactions,   and  would  not  take  longer  in  the 
delivery  than  the  few  minutes  between  eight  o'clock  and  the  time 
of  Mr  Howden's  arrival  at  the   meeting.       To  the  best  of  his 
knowledge   and  belief,   he  added  nothing  to  the  report  of  his 
remarks  in  correcting  the  proofs  for  the  press,  and  certainly  never 
•dreamed  of  his  strictures  escaping  the  keen  eye  of  his  censor. 
The  paper  which  he  had  the  honour  of  reading  before  the  Institu- 
tion, on  "  Propeller  Diagrams,"  was  merely  a  step  in  the  evolution 
of  the  analysis  of  the  action  of  screw  propellers  based  upon  certain 
clearly  stated  model  experiments  recorded  by  Mr  R.  E.  Froude, 
and  an  attempt  to  show  how  the  results  of  these  experiments 
might  be  more  easily  and  generally  applied  in  current  marine 
practice.      The  scope  of  these  experiments  was  strictly  limited, 
and  he  soon  found  the  diagrams  he  recommended  cumbersome ; 
so  much  so,  that  he  no  longer  used  them,  preferring  an  adaptation 
of  Fronde's  1892  method.     And  he  was  bound  to  say  that  during 
these   momentous   ten  years,  with  the   Damocles   sword  of  Mr 
Ilowden's  censure  suspended  over  his  devoted  and  all  unconscious 
head,  he  had  never  once,  in  such  practical  work  as  had  come  his 
way,  found  Froude's  curves  fail  him,  either  in  analysis  or  design.    It 
seemed  to  him  that  Mr  Howden's  procedure  in  that  paper  had 
been,  by  favour  of  the  Committee  on  Papers,  to  reprint  his  Naval 
Architects'  paper  of  1890,  with  much  matter,  text  and   diagrams, 
that  had  already  appeared  in  the  Transactions  of  the  Institution. 
To  be  fair,  the  complete  discussion  on   all  these  papers  should 
also  be  reprinted,  and  the  whole  considered  together.    But  perhaps 
the  Committee  on  Papers   would  pause  before  committing  the 
Institution  to  so  Herculean  a  task.      He  had  never  criticised  Mr 
Howden's  own  method,  for  the  simple  reason  that  in  his  poor 
judgment  there  was  no  fault  to  be  found  with  the  geometry  of  his 
demonstration  so  far  as  it  went.     It  was  in  his  hydrodynamics 
that  he  found  himself  as  another  Athanasius   contra  mundum, 
alone  and  at  issue  with  all  the  leading  authorities  on  the  subject, 
just  as  it  was   in  that  field  that  these  authorities  were   found 
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differing  among  themselves.  It  would  not  surprise  him  ovei' 
much  to  find  Mr  How  den's  geometrical  method,  if  completeljr 
worked  out  according  to  the  fundamental  laws  of  hydrodynamics- 
and  tested  experimentally,  yielding  results  practically  identical 
with  those  of  Froude,  based  on  Rankine's  and  his  (Mr  Froude'sV 
father's  theoretical  work.  He  should  like  to  say  a  word  on 
the  subject  of  the  concrete  example  of  two  screws,  one  of  12 
and  the  other  of  10  feet  diameter,  exerting  the  same  thrust 
and  having  the  same  speed  of  advance.  Mr  Howden,  with 
an  exasperatingly  elusive  dialectic,  now  objected  to  making 
revolutions  a  variable.  If  the  nature  of  the  case  rendered  a 
change  of  revolutions  undesirable  or  impracticable,  it  was  just 
as  easy  to  make  the  pitch  ratio  of  the  10  feet  screw  1-6,  that 
of  the  12  feet  screw  being  taken  as  before  at  1-1,  and  the  desired 
result  was  obtained.  Indeed  one  might  ring  the  changes  upon 
revolutions,  pitch,  and  surface,  either  separately  or  in  conjunction. 
Subjoined  was  a  little  table  showing  the  effect  of  making  such 
changes,  in  revolutions  and  pitch,  on  the  readings  of  Froude'a 
curves,  which  would,  he  thought,  make  that  matter  clear. 


Diameter 

Pitch  ratio 

Revolations 

Slip  ratio 

Efficiency. 

12'  0' 

11 

94 

20% 

1-000 

10'  0" 

11 

124 

26% 

•975 

10'  0" 

1-6 

94 

33% 

•940 

In  conclusion,  he  had  only  to  say  that  he  still  considered  Mr 
Froude's  remarks  in  the  discussion  of  Mr  Howden's  1890  paper,  a 
conclusive  refutation  of  the  arguments  advanced  by  Mr  Howden 
in  that  paper  against  the  validity  of  Eankine's  method  of  investi- 
gation as  developed  in  his  1865  paper  to  the  Institution  of  Naval 
Architects,  and  to  renew  the  expression  of  his  regret  that  tea 
years  ago  he  used  terms,  in  stating  that  view,  which  Mr  Howdea 
had  felt  to  be  **  depreciatory." 

Mr  W.  J.  Luke  (Member)  said  that  after  Dr.  Caird's  remarks  he 
thought  that  the  ground  was  entirely  cut  from  under  his  feet, 
because  he  so  thoroughly  concurred  in  the  expressions  regard- 
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ing  the  substance  of  Mr  Howden's  paper;  but  in  view  of  Dr. 
Inglis'  remarks  that  a  younger  generation  had  grown  up  since 
1878,  and  his  invitation  to  them  to  take  part  in  debating  this 
matter,  he  did  not  think  it  would  be  out  of  place  if  he  contributed 
to  the  discussion.  Of  course,  he  felt  some  diffidence  in  entering 
the  arena  and  speaking  on  this  subject  owing  to  Mr  Howden's 
seniority  in  Membership  of  the  Institution.  Those  who  were  at 
fche  "  James  Watt "  dinner  would  remember  with  what  applause 
the  President's  remarks  were  hailed  when  he  referred  to  Mr 
Howden's  presence,  and  notified  that  Mr  Howden  was  one  of 
the  two  surviving  original  Members  of  the  Institution.  At  the 
last  meeting  he  came  prepared  to  give  Mr  Howden's  paper  every 
sympathy,  but,  as  the  Secretary  went  on  with  the  reading  of  it, 
he  felt  like  that  individual  who  was  referred  to  by  Bret  II arte  in 
the  letter  from  *•  TruthfulJames  "  to  *' Bill  Nye,"  when  he  said, 
"  Is  things  what  they  seem,  or  is  visions  about."  The  Members 
were  told  that  the  paper  was  not  very  short,  but,  cut  as  it  was, 
the  Secretary  took  fifty  minutes  to  read  it,  and  he  was  very 
unfavourably  impressed  with  what  was  read  of  the  paper.  Since 
then  he  had  carefully  gone  through  the  paper,  and  he  was  bound 
to  say  that  his  unfavourable  impressions  were  deepened,  and  that 
he  remained  unconvinced  by  Mr  Howden's  treatment  of  the  pro- 
blem of  the  screw  propeller.  He  was  not  unacquainted  with  Mr 
Howden's  views,  because  he  had  the  satisfaction  of  hearing  him 
read  his  paper  at  the  meeting  of  the  Institution  of  Naval  Archi- 
tects in  1890,  and  he  had  also  heard  the  criticism  of  Mr  E.  E» 
Froude  upon  that  paper.  In  his  judgment,  the  answer  that  Mr 
Froude  gave  was  complete,  and  left  no  more  to  be  said.  This. 
paper  was  complete  evidence  that  Mr  Howden  did  not  think  so ; 
and,  as  that  gentleman,  in  his  concluding  remarks,  appeared  to 
think  that  the  time  for  plain  speaking  to  his  opponents  had  come,^ 
he  (Mr  Luke)  would  endeavour  to  speak  plainly  on  the  subject  of 
Mr  Howden's  paper.  He  hoped  that  everyone  would  acquit  him 
of  any  want  of  personal  respect,  but  he  did  not  think  that  personal 
respect  for  the  individual  should  stop  one  from  plainly  saying  that 

15 
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he  did  not  hold  Mr  Howden*s  opinions,  especially  when  he  thought 
that  those  opinions  were  fundamentally  wrong.     He  felt  bound  to 
say  that  he  thought  Mr  Howden's  remarks  upon  page  176,  and  also 
the  quotation  that  he  made  from  Mr  Froude's  remurks  on  page  206, 
from  the  1890  paper,  could  not  be  described  as  anything  else  thjan 
disingenuous.     The  paragraph  he  alluded  to  was  as  follows :  *'  In 
the  discussion  of  my  paper  in  1890  at  the  Institution  of  Naval 
Architects,  mathematicians  of  the  highest  rank,  whose  theories  I 
had  controverted,  took  part,  not  one  challenged  my  geometricaJ 
and  other  demonstrations,  either  of  the  true  action  of  the  screw  or 
of  the  erroneousness  of  the  theories  of  Bankine,  Froude,  and 
others."     What  were  the  facts  ?     Three  persons  took  part  in  the 
debate.     Mr  R.  E.  Froude  completely  controverted  Mr  Howden  ; 
Professor  Greenhill  made  a  few  complimentary  remarks  as  to  his 
name  being  coupled  with  those  of  Bankine,  Froude,  and  others ; 
and  Mr  Macfarlane  Gray  was  crowded  out  for  want  of  time.     He 
did  not  think  that  it  was  fair  of  Mr  Howden  to  describe  such  a 
discussion  by  saying  that  mathematicians  of  the  highest  rank  had 
taken  part  in  the  discussion,  and  that  not  one  of  them  had  chal- 
lenged him.      He  hoped  that  the  Members  would  refer  to  that 
discussion  and  see  for  themselves  exactly  what  was  said,  and  they 
would  find  that  Mr  Howden's  remarks  conveyed  a  false  impression. 
He  sincerely  hoped  that,  as  suggested  by  the  previous  speaker,  when 
Mr  Howden's  paper  was  printed  in  the  Transactions  it  would  be 
accompanied  by  a  reprint  of  all  the  papers  in  this  connection,  or 
at  least  by  a  complete  reprint  of  Mr  Froude*s  remarks  on  the  1890 
paper.     He  could  not  bring  himself  to  believe  that,  with  all  the 
scientific  world  on  the  one  side  and  Mr  Howden  on  the  other,  the 
matter  was  worthy  of  being  dignified  by  the  name  of  a  controversy, 
though  this  was  the  heading  of  the  paper.     He  had  not  come  to 
the  Institution  to  defend  the  memory  of  Professor  Bankine  or  Mr 
William  Froude,  nor  was  he  there  to  take  up  the  cudgels  on  the 
part  of  any  of  the  gentlemen  who  had  been  attacked ;  but  Mr 
Howden's  position  seemed  to  be  that  he  was  fighting  not  only 
against  the  individuals  whom  he  had  written  about  in  the  paper, 
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])ut  he  was  fighting  against  Newton,  and  believed  neither  in  the 
Laws  of  Motion  nor  the  principle  of  the  Conservation  of  Energy. 
Perhaps  his  modesty  prevented  him  adding  Newton  to  his  list  of 
Antagonists.  Mr  Howden  seemed  to  be  incapable  of  understand- 
ing that  the  screw  propeller  was  a  reaction  machine.  It  propelled 
the  ship  forward,  and  could  only  do  so  by  the  propeller  exerting 
pressure  against  the  water,  and  although  Mr  Howden  saw  that 
this  pressure  acted  to  push  the  ship  forward,  yet  he  asserted  that 
it  practically  could  have  no  effect  in  pushing  a  column  of  water 
AStem.  If  the  meeting  chose  to  agree  with  Mr  Howden,  no  more 
need  be  said,  but  it  should  be  known  that  the  whole  body  of  scien- 
tific opinion  on  this  matter  was  against  Mr  Howden,  and  he 
recognised  it  as  being  so,  certainly  as  long  ago  as  1890.  He  (Mr 
Luke)  was  bound  to  say  that  in  this  particular  case  he  must  go 
with  the  majority.  As  to  the  geometrical  delineation,  nothing 
•could  be  said  against  it,  because  it  was  only  the  delineation  of  the 
motion  of  a  point  on  the  surface  of  the  propeller  blade.  Mr 
Howden  took  no  account  of  the  velocity  of  the  following  wake 
which  was  in  many  cases  of  considerable  magnitude,  and  argued  as 
if  no  such  thing  existed.  This  argument  in  effect  denied  the  prin- 
ciple of  the  Conservation  of  Energy,  because  they  could  not  have 
frictional  resistance  without  its  making  itself  manifest  in  the  follow- 
ing wake.  Mr  Howden's  argument  and  statements,  therefore, 
that  a  small  slip  was  necessary  for  good  propulsion,  were  entirely 
erroneous,  and  they  failed  to  show  that  he  discriminated  in  any 
way  between  apparent  and  real  slip.  Then  Mr  Howden  said  that 
before  there  could  be  a  Rankine  column  to  be  projected  astern^ 
there  must  be  a  space  into  which  it  could  be  projected.  By 
exactly  the  same  argument  the  ship  could  not  be  propelled  for- 
ward unless  there  was  a  space  into  which  it  could  be  moved. 
How  did  Mr  Howden  explain  that  ?  The  ship  was  pushed  for- 
ward and  the  water  gave  way  before  it,  and  was  it  too  much  to 
believe  that  the  water  would  give  way  and  flow  astern  under  the 
heavy  pressure  of  the  propeller?  The  third  law  of  motion  stated 
iihat  action  and  reaction  were  equal  and  opposite.    The  propeller 
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pushed  the  water  with  the  result  that,  the  water  being  mobile,  stem 
momentum  must  be  given  to  it.     Mr  Howden,  in  his  references  to 
the  work  of  Mr  B.  E.  Froude,  seemed  not  sufficiently  to  bear  in 
mind  that  Mr  Froude's  work  upon  the  screw  propeller  was  simply 
an  endeavour  to  elucidate  the  results  of  experiments,  and  he  pot 
the  experimental  data  forward  in  such  a  way  as  to  make  it  suitable- 
for  analysis  and  the  design  of  propellers.     Becently  there  had  beei> 
a  very  large  mass  of  propeller  experiments  made  in  America,  and 
if  anyone  felt  disposed  to  take  sufficient  trouble  to  dive  into  tbe- 
Transactions  of  the  American  Society  of  Naval  Architects  and. 
Marine  Engineers,  which  would  be  found  in  the  library,  he  would 
see  that  this  recent  work  went  in  the  direction  of  supporting  Mr^ 
R.  E.  Froude's  experiments.     The  long  and  the  short  of  it  was- 
that  this  paper  was  not  wanted,  even  as  a  defence.     The  questions 
one  most  wanted  to  have  answered  about  the  propeller  were  : 
What  was  the  influence  of  the  thickness  of  the  blades,  and  what 
was  the  influence  of  extension  of  the  surface?      Everyone  was 
waiting  the  advent  of  some  genius  who  would  invent   a   good 
method  of  analysing  trials  so  that  each  trial  trip  would  be  made 
a  satisfactor}'  basis  of  design  for  subsequent  cases,  but  he  was 
certain  that  no  one  could  do  that  unless  he  had  clear  ideas  of  the 
action  of  the  propeller  and  such  as  would  fall  in  with  Newton's 
dicta,  which  Mr  Howden  did  not  appear  to  have.      The  paper,. 
even  if  it  was  looked  upon  as  one  of  defence,  w^as  a  mere  mass  of 
dogmatic  assertions,  based  upon  no  proper  conception  of   the 
fundamental  laws  of  motion.     That  being  his  opinion,  what  he 
w^anted  to  ask  was :  How  came  that  paper  to  be  accepted  by  the 
Institution  ?     He  hoped  the  Committee  on  Papers  would  not  con- 
sider that  he  was  unduly  personal  in  his  remarks,  but  he  could  not 
conceive  how  any  scientifc  Institution  could  accept  a  paper  like 
Mr  Howden's,   consisting   as  it  did,  only  of  ideas  which  were 
exploded  fifteen  or  sixteen  years  ago,  if  not  before.     He  could  only 
say,  in  conclusion,  that  he  thought  the  Committee  on  Papers  had 
done  the  Institution  harm  in  accepting  Mr  Howden's  paper  for 
publication  in  its  Transactions. 
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Prof.  A.  Jamebson  (Member)  remarked  that  the  previous  speaker 
"had  shown  how  Mr  Howden  had  neglected  Newton's  third  law  of 
motion,  viz.: — '*That  to  every  action  there  was  an  equal  and 
opposite  reaction,"  and  he  was  prepared  to  prove  that  Mr  Howden 
had  also  run  counter  to  Newton's  first  and  second  laws  of  motion. 
He  argreed  with  Mr  Howden's  elementary  geometry  as  far  as 
Figs.  1  and  2  and  propositions  1,  3,  4,  and  7  were  concerned, 
but  he  differed  from  his  propositions  2,  5,  and  6.      In  proposi- 
tion 2,  Mr  Howden  asserted  that,  *'  When  no  slip  occurs,  these 
lines  at  all  diameters  within  the  propelling  faces  of  the  blades  pass 
through  the  water  without  imparting  to  it  any  motion  whatever." 
Now,  did  Mr  Howden  here  assert  that  no  friction  existed  between 
Any  and  all  parts  of  the  propelling  faces  and  the  water  through 
-which  they  passed  and  at  the  same  time  pressed  severely  upon  ? 
Did  he  further  assert  that  the  water  which  came  directly  into  con- 
tact with  the  blades  of  the  propeller,  say  near  the  boss,  was  not 
then  set  into  motion  by  centrifugal  force?  Newton's  first  law  stated 
that,  "Every  body  continues  in  a  state  of  rest,  or  of  uniform 
motion  in  a  straight  line,  except,  in  so  far  as  it  may  be  compelled 
to  change  that  state  by  external  force  acting  on  it."      Surely, 
friction  between  the  screw  blade  faces  and  the  water,  together 
with  centrifugal  force  due  to  the  rotation  of  the  screw,  were  both 
external  forces  and  must  act  upon  the  said  water  which  came  into 
contact  with  the  propelling  faces  of  the  revolving  screw.     In  pro- 
position 5,  Mr  Howden  said,   "When  slip  occurs  the  water  is 
moved  normally  to  the  face  of  the  blade  at  any  diameter  at  a 
uniform  velocity,  etc."     And  when  applying  this  proposition  to 
test  Eankine's  theory,  he  said,  **  the  thrust  reaction  is,  therefore. 


made  calculable  by  the  formula 


Wv„ 


Where  W  was  given  (on 


page  194)  as  the  weight  of  column  in  lbs. ;  v  =  2-24  feet,  or  mean 
slip  of  the  stream,  per  second ;  ^  =  32  feet  per  second ;  and  T  = 


Ww 

— ,  or  total  thrust  of  screw  in  lbs. 


Here,  there  were  no  less 


than  three  distinct  mistakes. 


First,     —  was  simply  momentum, 
9 
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and  could  not  be  measured  in  lbs.  Second,  g  was  not  a  mere* 
velocity  =  32  feet  per  second,  but  the  true  acceleration  due  to 
gravity  of  32  feet  per  second  per  second.  Third,  instead  of 
»  =  2-24  feet  per  second,  he  should  have  said :  let  (r,  -  Vi)/t  =  a. 
the  acceleration ;  where,  if  i  =  one  second,  the  time  of  eacb 
revolution  in  the  case  worked  out ;  v^  the  velocity  of  the  water 
at  the  commencement;  and  v^  the  velocity  of  the  same  water  at  tbe 
end  of  the  same  revolution ;  then, 

gt  g 

That  was  Wjg,  or  the  mass  of  water  moved  x  the  acceleration  it 
received,  due  to  the  constant  pressure  or  force  from  the  face  of  the 
propeller  acting  upon  it  for  one  second,  was  equal  to  the  thrust  in 
lbs. ;  since,  by  **  Newton's  second  law  of  motion  " — **  Bate  of 
change  of  momentum  is  proportional  to  the  force  which  causes  it 
and  takes  place  in  the  direction  of  the  force."  And  here,  the  rate 
of  change  of  momentum  of  the  water  was  W(v2  -  ^iVg^f  or  Wa/^- 
If  Mr  Howden  had  only  made  a  series  of  careful  experiments  with 
differently  shaped  propeller  blades  under  various  conditions  of 
pitch,  speed,  slip,  form,  area  of  blades,  etc.,  and  added  the  results 
of  his  observations  to  his  plane  geometry  and  theoretical  reason- 
ings, then  the  Members  of  the  Institution  would  have  felt  truly 
grateful.  Both  he  and  the  Members  might  then  have  learned 
something  to  their  advantage.  In  fact,  there  was  no  reason  why 
he  should  not  now  undertake  or  start  such  a  set  of  experiments. 
For  example,  he  could  easily  arrange  to  eject  at  will  from  the  inside 
of  the  blades  through  small  holes  at  the  different  radii,  shown 
by  Fig.  3,  drops  or  tiny  streams  of  coloured  fluids  having  the 
same  specific  gravity  as  the  water,  but  which  would  not  readily 
spread  or  combine  w^ith  it.  He  could  then  note  or  take  instan- 
taneous photographs  of  the  different  paths  which  these  differently 
coloured  fluids  followed.  It  might,  however,  be  conceded  that 
Mr  Howden  s  paper  had  made  them  all  think  and  even  wonder. 
Perhaps  it  would  cause  those  who  had  the  time  and  the  inclina* 
tion,  to  study  and  examine  carefully  the  details  of  the  many  recen 
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American  and  other  results  referred  to  by  Mr  Luke.  Who  knew^ 
that  by  so  doing,  someone  might  get  one  or  two  steps  further 
towards  the  complete  solution  of  this  difficult  and  complicated 
problem  in  hydrodynamics. 

Mr  E.  Hall-Brown  (Vice-President)  said  that,  as  Convener  of 
the  Papers  Committee,  he  thought  it  was  only  right  to  say  that  he 
disagreed  with  Mr  Luke  to  a  certain  extent.  Mr  Howden  was  one 
of  their  very  oldest  Members,  and  although  he  absolutely  disagreed 
with  his  theories  on  Screw  Propulsion,  he  did  not  think  the  Insti- 
tution would  suffer  from  the  publication  of  his  paper;  and  if  it 
did  nothing  more,  it  would  do  the  young  men  of  the  Institution 
good  by  sending  them  back  to  the  literature  on  the  subject  to 
study  the  writings  of  Kankine,  Froude,  and  Greenhill,  for  them- 
selves. He  thought  the  Council,  in  taking  the  matter  entirely 
into  its  own  hands,  had  done  the  Institution  no  harm,  and  had 
honoured  one  of  its  oldest  Members  by  giving  him  full  opportunity 
of  stating  his  views,  and  he  believed  that  the  Members  of  the 
Institution  would  agree  with  the  Council  in  its  action. 

Mr  James  Hamilton  (Member)  observed  that  he  was  not  one  of 
those  who  had  the  honour  of  being  bracketed  with  the  eminent 
authorities  whom  Mr  Howden  had  referred  to  as  professional  screw 
formulae  makers,  but  although  he  had  escaped  attention  up  till 
now,  he  might  confess  that  he  produced  a  screw  formula  in  the 
year  1903,  and  perhaps  Mr  Howden  might  happen  upon  it  twenty 
years  hence  and  criticise  him  with  his  accustomed  vigour.  He 
thought  that  the  Members  of  the  Institution  were  under  an 
obligation  to  Mr  Howden,  as  they  were  to  others  in  other  matters, 
for  drawing  attention  to  the  fact  that  theories  and  methods  were 
not  in  relation  to  present  requirements,  and  that  that  side  of  the 
question  should  have  some  hearing — not  that  he  could  find  a  great 
deal  to  say  in  favour  of  the  paper  so  far  as  he  was  concerned. 
The  conclusions  in  Mr  Howden's  paper  of  1877  did  not  seem  to 
him  to  be  a  complete  theory  at  all,  but  it  showed  clearly  that  he 
held  two  views,  first y  that  on  account  of  slip,  a  blade  travelling 
obliquely  at  each  part  acted  on  ribbon-like  spirals  of  water,  the 
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width  of  which  depended  upon  the  breadth  of  the  blade.      These 
spirals  were  in  the  general  direction  down  and  forward  on  the 
one   side  of  the  shaft,  and  up  and  forward  on  the  other  side 
of    the    shaft.       A   second  point  was   that   the    paths   followed 
by  the  dififerent  blades  were  sufficiently  clear  of  each  other,  as  showTi 
by  the  diagram  in  his  1877  paper,  as  to  leave  thick  spirals  of  untouched 
water  between  the  ribbon-like  spirals  acted  on  by  the  blades,  and 
that  therefore  the  whole  mass  of  the  water  represented  by  the 
Eankine  column  was  not  given  sternward  motion,  although  the 
water  was  presumed  to  move  aft  at  the  same  rate  of  slip  as  in  the 
Bankine  theor}'.     So  far  as  he  could  make  out,  the  only  difference 
between  Mr  Howden  and  Bankine  was  as  to  the  quantity  of  water 
moved.     The  rate  at  which  it  was  moved  was  the  same  in  both 
cases.      It  came  to  the  same  thing  whether  one  took  the  move- 
ment due  to  the  breadth  of  the  blade  in  a  thirty-fourth  part  of  a 
second,  or  the  movement  due  to  the  complete  revolution  in  one 
second  when  the  circumference  was  thirty-four  times  the  breadtb 
of  the   blade.      Mr    Howden    assumed    spirals    of    water   with 
untouched    large    or   thick   spirals    between    them   as  unmoved 
water,  and  therefore  the  whole  column  was  not  moved  astern, 
although   the  rate  was   the  same;    but,    unfortunately    for  Mr 
Howden,  while  that  was  the  case  when  the  Anchor  liner  that  he 
referred  to  was  in  existence,  if  Mr  Howden  took  the  present  Allan 
liners  with  turbine  propellers,  he  would  find  that  these  spirals  ran 
so  closely  together  that  there  was  no  space  of  untouched  water; 
and  he  would  be  forced  to  admit  that  the  whole  column  of  water 
was  moved  astern,  the  revolutions  being  so  much  faster  than  in 
the  earlier  case  that,  the  blades  simply  cut  up  the  whole  column 
with  no  interval  between.     A  great  deal  might  be  said  upon  this 
question,  but  he  would  content  himself  with  what  he  had  stated, 
and  he  thought  that  Mr  Howden  had  stopped  short  of  a  complete 
theory.     In  another  theory  that  he  (Mr  Hamilton)  knew  some- 
thing about — which  was  more  like  Mr  Howden's — Dr.  Froude,  a 
year  after  Mr  Howden  read  his  paper  in  1877,  practically  covered 
the  whole  of  Mr  Howden's  seven  propositions.     One  could  not  see 
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Yaow  resistance  to  the  engines  could  be  got  by  the  propeller  simply 
travelling  downwards  and  moving  circumferentially  a  small  film 
of  water.  If  they  accepted  Dr.  Fronde's  version  that  the  pressure 
on  the  blade  was  as  the  square  of  the  velocity,  it  worked  out  very 
differently.  It  was  a  complete  theory,  but  he  might  say  all  the 
same  that  anyone  who  suggested  that  the  science  and  theory 
which  all  had  been  accustomed  to,  and  which  had  served  so  well 
in  the  past,  was  not  up  to  present  requirements,  deserved  some 
oredit,  although  they  might  not  be  in  exact  accordance  with  him. 

Correspondence, 

Prof.  D.  Robertson  (Member)  stated  that  the  first  idea  which 
naturally  struck  a  layman  in  connection  with  how  the  screw 
jpropeller  worked,  was,  that  it  was  a  simple  matter,  and  identical 
v^ith  the  action  of  a  screw  in  a  nut,  the  water  being  the  nut.  But 
it  was  quite  certain  that  that  was  not  the  case.  The  nut  must  not 
be  allowed  either  to  rotate  or  move  lengthwise  if  the  turning  of 
the  screw  were  to  be  effective,  and  there  was  nothing  to  prevent  the 
water  nut  from  going  round  with  the  screw,  nor  from  moving  away 
backwards  from  it.  True,  there  was  a  common,  but  erroneous, 
notion  that  the  mass  of  water  behind  it  prevented  the  latter  motion, 
but  even  that  would  not  prevent  the  rotation.  The  next  view 
which,  judging  from  the  simile  of  the  cannon  ball  cited  in  the 
paper,  seemed  to  be  the  one  held  by  Mr  Howden,  was  that  the 
inertia  of  the  water  took  the  place  of  the  fixing  of  the  nut ;  that 
the  blade  suddenly  struck  the  water,  and  that  it  in  return  struck 
back  a  blow  on  the  blade.  Something  of  that  kind  undoubtedly 
took  place  while  the  propeller  was  being  started,  but  it  was  quite 
insufficient  to  account  for  the  regular  working  of  the  screw, 
because  inertia  forces  only  occurred  during  acceleration.  Of  course, 
the  advocates  of  that  theory  said  that  new  water,  which  was  not 
rotating,  was  continually  being  supplied  to  the  blades  by  the 
motion  of  the  ship.  But  let  them  test  that  theory.  Suppose 
baffle  plates  to  be  placed  fore  and  aft  of  the  propeller  so  as  to  pre- 
vent longitudinal  motion  of  the  water  until  full  speed  was  attained. 
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Then,  with  the  ship  at  rest,  let  these  plates  be  suddenly  removed. 
As  the  water  in  which  the  blades  worked  would  be  rotating  alon^ 
with  them,  it  was  manifest  that  they  could  not  act  as  a  nut.     But 
did  anyone  believe  that  the  propeller  would  fail  under  those   cir- 
cumstances?   A  simpler,  although  perhaps  less  conclusive,   test 
was  open.     Let  the  engines  of  a  ship  be  started  very  gently,  &nd 
run  up  to  full  speed  very  very  slowly.     The  inertia  forces  referred 
to  would  then  be  extemely  small,  but  if  anyone  thought  the  ship 
would  not  be  propelled,  let  him  try  the  experiment  and  see.     Well, 
then :  How  did  it  work  ?  The  inexorable  laws  of  mechanics  required 
that,  on  the  whole,  there  should  be  no  change  of  momentum.     The 
ship  was  continually  giving  out  momentum  to  the  water  it  dragged 
along  with  it  or  sent  out  as  waves,  and  to  the  air  which  opposed 
its  motion.     If  its  speed  was  to  be  constant,  it  must  take  an  equal^ 
amount  from  something  else  by  giving  that  a  motion  backwards. 
Thus,  one  arrived  at  the  stream  of  water  projected  backwards,, 
whose  rate  of  acquiring  momentum  must  be  equal  to  the  force 
necessary  to  overcome  resistances  to  the  motion  of  the  ship.     It 
was,  however,  quite  unnecessary  to  assume  that  that  stream  con- 
sisted of  a  column  sticking  out  behind,  or  that  it  behaved  like  a^ 
solid,  as  Mr  Howden  seemed  to  think  would  be  required  on  Ean- 
kine's  theory.  It  would,  in  fact,  spread  out  after  leaving  the  propeller^ 
and  share  its  momentimi  with  the  suiTounding  water,  and  it  really^ 
did  not  matter  what  became  of  it  after  it  had  got  clear  of  the  ship. 
But  the  same  force  would  be  exerted  by  a  certain  cylindrical 
column,  and  it  was  that  hypothetical  column  that  Bankine  dealt- 
with.     If  his  results  did  not  agree  with  the  results  of  experiment^ 
it  was  his  rule  for  finding  the  section  of  this  equivalent  column 
that  was  at  fault,  and  not  the  theoretical  basis.     It  still  remained 
to  explain  how  the  propeller  projected  the  water  backwards.     The 
propeller  was  nothing  but  a  specialised  centrifugal  pump,  and 
should  be  designed  as  such.     When  it  rotated,  it  carried  the  water 
round  with  it.     Centrifugal  force  then  caused  the  water  to  flow 
outwards  from  the  centre,  and,  if  the  speed  of  rotation  were  high 
enough,  the  water  would  be  driven  out  faster  than  it  could  enter 


THE  SCREW  PROPELLER   CONTROVERSY  235 

Prof.  D.  Robertmn. 

from  the  side,  and  a  cavity  was  formed,  as  was  well  known  in  con- 
nection with  turbine  propellers.  The  further  out  a  particle  of 
water  got,  the  faster  it  had  to  go  circumferentially  to  keep  up  with 
the  blades.  It  thus  got  accelerated  circumferentially  as  it  went 
outwards,  and  the  force  producing  that  acceleration  was  nearly 
normal  to  the  blade  surface,  and  had  thus  a  component  parallel 
to  the  length  of  the  ship,  driving  the  ship  forwards  and  the  water 
backwards.  Owing  to  this  radial  motion  every  particle  of  water 
would  leave  at  a  larger  diameter  than  that  at  which  it  had  entered. 
Consequently,  more  water  must  enter  the  central  part  of  the  pro- 
peller than  left  it  there,  and  some  that  entered  near  the  tips  left 
b}'  the  periphery,  unless  the  blades  were  curved  over  to  prevent 
it.  Mr  Howden's  method  entirely  failed  to  take  any  account  of 
this  radial  motion,  and  consequently  his  diagrams  did  not  show  the 
actual  movements  of  the  water,  and  could  not  be  said  to  prove 
anything  at  all.  That  the  centrifugal  theory  was  the  correct  one 
could  be  easily  shown  by  experiment.  Let  a  propeller,  say  of  a 
small  launch,  be  shrouded  by  thin  metal  cylinders  concentric  with 
the  shaft,  so  as  to  prevent  radial  motion  of  the  water,  but  to  allow 
free  axial  flow.  On  the  theory  supported  by  Mr  Howden,  that 
would  make  no  difference  except  what  was  due  to  the  extra  friction  on 
the  surfaces  of  these  cylinders ;  whereas,  according  to  the  centri- 
fugal theory,  the  screw  would  no  longer  act.  To  a  mere  outsider 
in  shipbuilding  matters,  it  seemed  that  the  screw-in-nut  analogy 
had  obscured  the  real  action  of  the  propeller,  and  hindered 
advance  in  its  design.  The  problem  was  in  reality  exactly  the 
same  as  for  the  design  of  a  centrifugal  pump,  without  guide  blades, 
taking  in  water  at  one  side  and  giving  it  out  at  a  larger  diameter 
on  the  other.  Looking  at  it  in  that  way  raised  the  question :  Why 
not  use  guide  blades  fixed  to  the  bull  ?  All  the  rotational  motion 
carried  away  by  the  water  was  sheer  loss,  and  the  conversion  of 
some  of  that  into  motion  backwards  might  possibly  prove  an 
economy.  One  might  even  go  to  the  other  extreme  and  put  in 
guide  blades  to  do  all  the  work  of  deflecting  the  water  backwards, 
the  revolving  blades  being  radial  with  curved  edges  to  take  the 
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water  smoothly.  The  thrust  would  then  come  directly  on  the  hull 
and  not  on  the  shaft,  and  it  would  be  possible  to  reverse  the  pro- 
pelling force  almost  instantaneously  by  shifting  these  guides  with- 
out stopping  the  engines  at  all.  That  would  probably  make  & 
screw  vessel  as  handy  as  a  paddle  steamer  for  manoeuvring  at 
piers,  but  might,  however,  be  open  to  objection  for  sea-going 
traffic. 

Mr  B.  E.  Froude,  RR.S.  (Hon.  Member),  considered  that  the 
oonstructive  portions  of  Mr  Howden's  paper  consisted  of  a  series  of 
geometrical  propositions  of  an  elementary  character  concerning 
the  movements  of  points  on  a  propeller  blade,  which,  as  such, 
were  unexceptionable ;  they  were,  in  fact,  among  those  premised 
by  the  investigators  whose  work  he  denounced.  Mr  Howden 
observed  that  a  cannon  ball  rebounded  from  water  as  from  a 
solid;  also  that  an  oar,  while  moving  edgeways  through  water 
experienced,  to  a  lateral  pull,  ''almost  as  much  resistance  as 
from  a  *  solid  body,*  '*  whence  he  surmised  that  the  reaction  of 
a  propeller  blade  would  be  **  vastly  increased"  compared  to  the 
latter.  He  also  hinted,  if  a  little  vaguely,  that  this  reaction  had 
analogy  to  the  inertia  of  a  body  falling  under  the  influence  of 
gravity ;  but  here  his  science  seemed  to  come  to  an  end.  Now 
all  these  reflections,  unexceptionably  true  as  they  were,  were  but  the 
A  B  C  of  the  study  of  propulsion — ^rather,  perhaps  they  were  the  A 
without  the  B  C.  What  was  wanted  next  was  a  study  of  how  and 
why  the  mobile  fluid  came  to  offer  that  resistance  to  the  cannon 
ball  and  the  oar  blade,  and  how  at  least  some  approach  might  be 
made  to  an  orthodox  quantitative  expression  of  such  resistance,  in 
terms  of  those  universal  dynamical  principles  which  governed  the 
movement  of  the  falling  body.  This  study  belonged  to  hydro- 
dynamics, a  branch  of  science  in  which  (to  judge  from  his  paper) 
Mr  Howden  appeared  to  be  lacking ;  and  unless  he  showed  some 
adequate  understanding  of  it,  it  was  a  waste  of  time  for  those  whom 
he  criticised  to  concern  themselves  with  his  criticisms. 

Dr.  John  Inolis  (Member)  was  not  aware  that  a  screw 
propeller    controversy  existed    until    he    received  a   note    from 
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Mr   Howden,    intimating   that   he   (Mr   Howden)    had    written^ 

inviting    him    to    discuss  a  paper   so  entitled,   which  he   now 

found  occupying  fifty  pages  of  the  Transactions.      The  advance 

copy,  considerately  furnished  to  him,  arrived  when  his  time  wa& 

fully  taken  up  with  other  matters  demanding  immediate  attention, 

and  even  now  he  could  not  do  more  than  glance  at  this  lengthy 

production.      Mr  Howden  did  him  too  much  honour.      At  Mr 

Howden's  own  request,  he  offered  a  few  remarks  on  his  paper  in 

1878 ;    Mr  Howden  had  the  usual  opportunity  of  replying,  and 

availed  himself  of  it  to  the  fullest  extent.     What  he  (Dr.  Inglis) 

had  wTitten,  he  had  written,  and,  if  there  were  any  who  took  an 

interest  in  the  views  and  opinions  of  Mr  Howden  and  his  critics  of 

that  date,  let  them  read  and  judge  for  themselves.     The  '*  natural 

indolence  "  which  Mr  Howden  alluded  to  would  not  allow  him 

to  be  drawn  into  any  revival  of  a   discussion  which  had  received 

decent  burial  twenty-eight  years  ago.     The  subject  might  have 

haunted  Mr  Howden  all  these  years,  but  he  (Dr.  Inglis)  was  not 

going   to   have  his   repose  disturbed   by  it  now.      Besides,   did 

not   Mr   Howden   emerge  from   the  contest   with   the  fruits  of 

victory  in  the  form  of   the  gold  medal  of  the  Institution,  and 

what  more  could  the  most  exacting  desire?      As   Mr  Howden 

said,  a  new  generation  of  better  educated  Members  had  grown 

up  since  1878,  and,  so  far  as  he  was  concerned,  they  might  be 

left  to  discuss  the  rechauffe  Mr  Howden  presented  to  them.     He 

was  content  to  be  classed  with  Eankine,  Froude,  Barnaby,  and 

others,  who  had  not  been  shaken  by  Mr  Howden 's  arguments. 

Mr  C.  A.  Matthey  (Member)  remarked  it  was  curious  to  note- 
that  after  all  there  was  no  difference  between  Mr  Howden  and 
Rankine  as  to  the  motion  of  the  water  in  the  immediate  neighbour- 
hood of  the  propeller  blade ;  though  they  differed  in  the  deductions 
they  drew  from  that  motion.  Accepting  Mr  Howden's  fifth  propo- 
sition (also  assumed  by  Bankine),  that  the  motion  of  the  water  was 
normal  to  the  surface  of  the  blade,  no  one  could  question  the 
accui*acy  of  Mr  Howden's  geometrical  construction.  That  gentle- 
man seemed  to  think  that,  whereas  he  arrived  at  his  result  geo^ 
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metrically,  Bankine  bad  treated  the  matter  by  algebraical  analysis  ; 
but  there  could  be  little  doubt  that  the  latter  had  used  the  very 
«ame  geometrical  construction.  Thus,  taking  Mr  Howden's  Fig. 
5,  and  drawing  EF  at  right  angles  to  CD,  Fig.  14,  the  slip  was 


Fig.  14. 

represented  by  CD,  the  actual  motion  of  the  water  by  DE,  and 
the  backward  component  of  the  motion  of  the  water  by  DF.  That 
was  to  say,  the  "  slip  of  the  water  "  was  less  than  the  real  motion 
of  the  water  in  the  ratio  of  DF  to  DE  ;  and  the  real  motion  of  the 
water  was  less  than  the  slip  of  the  screw  in  the  ratio  of  D£ 
to  DC.     Therefore,  the  slip  of  the  water  was  less  than  the  slip  of 

the  screw  in  the  ratio  ^  x  ??  ;   but,  ^^=^=  cos  E  DC  = 

COS  CAB;  that  was,  as  Bankine  put  it,  **  the  slip  of  the  streana 
driven  back ''  from  the  surface  of  the  blade  "  was  less  than  the  slip  of 
the  screw  in  the  proportion  of  the  square  of  the  cosine  of  its 
obliquity  to  an  athwartship  plane."  If  Mr  Howden  had  kept  to 
his  geometry,  instead  of  calculating  by  Eankine's  formula,  which 
he  had  misapplied  in  some  way,  he  would  ha^  been  spared  some 
errors.  On  page  192  he  said — '*  The  extent  and  velocity  of  this 
slip  "  (that  is,  of  the  water)  **  as  calculated  by  Professor  Bankine's 
formula,  varies  from  2*52  feet  at  the  extremity,  to  1*35  feet  at  5 
feet  diameter  per  revolution."  Now,  at  the  extremity,  in  the 
triangle  CAB,  Fig.  2,  AB  represented  the  circumference  of  a  circle 
20  feet  in  diameter,  or  62*8  feet;    CB  the  pitch  of  the  screw. 
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27-77  feet;  and  CD  the  slip  of  the  screw,  2*777  feet.  The  slip 
of  the  water  was  C  D  multiplied  by  the  square  of  A  B,  and  divided 
by  the  square  of  AC.  AC  was  known,  being  the  square  root  of 
the  sum  of  the  squares  of  A B  and  C B,  or  687  feet.  Working 
this  out,  the  slip  of  the  water  at  the  extremity  was  found  to  be 
2-32  feet.  So  at  5  feet  diameter,  in  the  corresponding  triangle, 
the  base  A  B  was  much  shorter,  being  the  circumference  of  5  feet 
diameter,  or  15*7  feet ;  C  B  was  the  same  as  before,  namely,  27*77 
feet ;  and  the  new  hypotenuse  A  C  was  31*9  feet.  The  slip  of  the 
water  at  this  diameter  then  worked  out  at  0*67  of  a  foot.  Again, 
on  page  187,  Mr  Howden  said — **  The  slip  motions  given  to  the 
-water  increase  in  a  greater  than  arithmetical  ratio  when  the  slip  • 
increases."  On  reconsideration  he  would  probably  admit  that 
this  was  not  the  case,  seeing  that  in  Fig.  2  and  Fig.  14,  the 
triangle  CED  was  always  similar  to  itself,  wherever  the  point 
D  was  taken ;  that  was,  whatever  the  slip  C  D,  the  real  motion 
of  the  water  D  E,  and  its  backward  motion  D  F  were  strictly  pro- 
portional. This  suggested  a  graphic  method  of  showing  the 
distribution  of  speeds,  and  of  estimating  the  reaction  of  the 
water  driven  astern  and  the  energy  impressed  on  it.  In  Fig.  14, 
if  B  G  be  drawn  at  right  angles  to  A  C,  and  G  H  at  right  angles 
to  B  C ;  then  C  B,  to  the  proper  scale,  might  be  taken  to  repre- 
sent the  slip ;  and  B  G  and  B  H  would,  to  the  same  scale,  be  the 
real  and  sternward  speeds  of  the  water  respectively.  In  Fig.  15, 
make  B  C  the  pitch  and  A  B  the  circumference  of  the  propeller  to 
any  scale.  Choose  any  diameter,  of  which  A  B*  is  the  circumfer- 
ence ;  draw  B^  C*  at  right  angles  to  A  B,  C  C*  parallel  to  A  B,  and 
join  AC* ;  and  draw  B*  G*  at  right  angles  to  A  C^  and  G*  H*  at  right 
angles  to  B^  C^  Then,  C  B  being  the  slip  in  feet  per  second,  B*  G» 
and  Gi  H^  can  be  rapidly  found  by  means  of  a  millimeter  scale  and 
a  slide-rule,  also  in  feet  per  second.  The  locus  of  fli  was  the 
curve  shown,  and  its  ordinates  represented  the  varying  sternward 
motion  from  the  centre,  supposing  no  boss,  to  the  circumference. 
Fig.  16  showed  the  real  speeds,  all  such  lengths  as  B'  G^  being 
plotted  as  ordinates  at  their  proper  stations;  while  Fig.  17  showed 
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Fig.    16. 


Fig.  17. 
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tlie  tangential  speeds,  such  as  G^H^  in  the  same  way.     Now  these 
xnotions  occurred,  both  according  to  Eankine,  and  according  to  Mr 
Howden.     They  necessarily  resulted  from  the  hypothesis,  assumed 
&8  an  axiom  by  both  investigators,  that  ihe  motion  of  the  water  was 
everywhere  normal  to  the  surface.     But  while  Rankine  held  that  this 
motion  took  place  all  over  the  circle  of  the  propeller,  Mr  Hovvden, 
it  would  appear,  maintained  that  it  only  occurred  at  that  part  of 
the  circle  which  was,  for  the  moment,  occupied  by  the  blades. 
But,  even  on  the  latter  supposition,  there  was  surely  a  mean 
acceleration  constantly  being  imparted   to   a  column  of  water, 
although,  ceteris  paribus^  that  mean   was  less  than  it  would  be 
if  the  Rankine  theory  were  correct.     Mr  Hovvden  would  not  admit 
the  formation  of  a  column ;  he  (Mr  Matthey)  would  invite  him  to 
think,  not  of  the  formaiion  of  a  column,  but  of  something  happen- 
ing to  a  column  which  existed,  whether  the  screw  propeller  were 
there  or  not.      Suppose  the  ship  to  be  towed  with  the  propeller 
removed,  and  a  mere  ring  of  metal,  the  same  diameter  as  the  pro- 
peller, to  occupy  the  place  where  the  latter  had  been.     Then  there 
might  be  said  to  be  a  column  of  water  passing  through  the  ring. 
The  column  would  not  really  move ;  it  would  stand  still,  and  the 
ring  would  run  over  it ;  the  speed  with  which  the  water  approached 
the  ring  being  the  same  as  that  with  which  it  left  it.      Now, 
place  the  screw  propeller  inside  the  ring  and  rotate  it,  relieving 
the   tow  rope.      As  any  cross-section   of   the  column  of   water 
arrived  at  the  front  edge  of  the  propeller,  four  patches  of  it, 
corresponding    to    the    four    blades,    would,    according    to    Mr 
Howden's  own  geometrical  construction,  immediately  acquire  a 
diagonal  motion,  partly  stern  ward  and  partly  tangential.    It  seemed 
indisputable  that  the  tangential  motion  would  be  shared  by  the 
whole  circle,  because  if  two  adjacent  spokes  of  water,  so  to  speak, 
went  round,  the  intervening  water  would  have  to  go  with  them. 
As   to   the  stemward   motion,  however,  it  was  fairly  debatable 
whether  it  took  place  only  over  the  four  patches  or  over  the  whole 
circle.     In  either  case,  however,  there  was  stemward  motion  of  the 
column,  though  the  average  was  more  in  one  case  than  in  the 

16 
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other.  If  one  took  the  case  of  a  propeller  of  which  the  whole 
circle  was  filled  with  blades,  something  like  an  American  wind- 
mill, then,  even  on  Mr  Howden's  theory,  there  was  a  stemwaid 
motion  all  over  the  circle,  faster  at  the  circumference  than  nearer 
the  centre,  but  the  same  for  the  same  diameter.  The  mean  speed 
with  which  the  column  left  the  propeller  was,  therefore,  greater 
than  that  with  which  it  had  approached  it.  Would  not  Mr 
Howden  admit  that  this  involved  acceleration  somewhere  ?  He 
had  appealed  to  Members  to  say  whether  or  not  he  was  right  in 
saying  that  the  sternward  motion  of  the  water  in  contact  with  the 
blade  was  one  of  uniform,  and  not  of  accelerated  motion.  Indis- 
putably, the  motion  was  uniform,  on  the  hypothesis ;  but,  equally 
indisputably,  the  motion  had  been  accelerated.  How  were  these 
facts  to  be  reconciled  ?  Clearly  by  supposing  that  the  accelera- 
tion took  place  before  the  water  got  to  the  after  surface  of  the 
blade,  either  suddenly  or  gradually.  Rankine  was  credited  with 
the  theory  that  the  acquisition  of  motion  was  instantaneous,  so 
that  the  action  might  be  represented  by  Fig.  18.  Here  L  M  was 
the  diameter  of  the  propeller,  and  LN  its  length;  a  column  of 
water  of  diameter  JK,  greater  than  that  of  the  propeller, 
approached  it  from  forward.  On  arriving  at  the  front  edge  of  the 
propeller  at  J^K^  it  was  suddenly  accelerated,  its  diameter 
diminishing  to  that  of  the  propeller.  This  diminution  of  cross - 
section  resulted  from  the  same  volume  passing  at  a  greater  speed ; 
just  as  in  a  pipe  of  varying  section,  running  full,  the  velocity  was 
inversely  as  the  area.  There  seemed  every  reason  to  believe  that 
this  sudden  action  could  not  take  place.  When  a  fiat  plate  was 
moved  either  squarely  or  obliquely  through  water,  the  pressure  in 
front  of  it  was  increased,  while  that  behind  it  was  diminished. 
The  action  was,  therefore,  something  like  that  shown  in  Fig.  19. 
At  J  K  then  there  was  normal  pressure,  just  in  front  of  L  M  it 
was  below  the  normal,  from  L  M  to  N  O  it  was  above 
the  normal,  and  at  PQ  it  was  again  normal.  Now  it  was  a 
principle  of  hydrodynamics  that  when  water  moved  from  a  plao 
of  greater  to  one  of  less  pressure,  acceleration  took  place.     There 
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Fig.  19. 
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was,  therefore,  acceleration  from  J  K  to  L  M ;  uniform  motion  at 
higher  than  normal  pressure  from  LM  to  NO  (satisfying    Mr 
Howden),  and  again  acceleration  from  N  O  to  P  Q,  with  farther 
diminution  of  diameter.     The  Rankine  theory  said  nothing  about 
this  second  acceleration,  the  explanation  of  which  was  due   to 
Mr  R.  E.  Froude,  and  accepted  by  Mr  S.  W.  Bamaby.       But, 
neglecting  this  second  acceleration,  which  might  be  questioned 
by  some,  the  fact  remained  that  both  by  the  Rankine  theory,  and 
to  a  lesser  extent  by  the  Howden  theory,  the  column  of  water 
running  through  the  propeller's  disc  emerged  at  a  greater  speed 
than  it  approached.     It  might  be  compared  to  a  round  bar  of  iron 
going  through  a  rolling  mill,  which  went  out  behind  quicker  than 
it  w^ent  in  in  front,  and  with  a  diminished  section  ;  only  that  in  this 
case  the  increased  speed  was  due  to  the  diminution  of  section,  and 
in  the  case  of  the  propeller,  the  increase  of  speed  caused  the  diminu- 
tion of  section.     He  (Mr  Matthey)  would  ask  Mr  Howden  a  ques- 
tion which  he  hoped  he  would  answer.     Supposing,  for  the  sake 
of  argument,  that  there  was  something  else  than  reaction,  known 
to  Mr  Howden,  which  caused  forward  thrust,  would  he  not  admit 
that  the  stemward  motion,  shown  to  exist  by  his  own  geometiy, 
did  produce  sovic  recoil,  and  therefore,  at  least,  contributed  to  the 
thrust  ?     Another  question  was:  Why  should  Mr  Howden  demand 
an  empty  space  behind  the  column,  for  the  latter  to  fall  into  ?     He 
did  not  require  an  empty  space  for  the  broadside  motion  of  his 
blades,  nor  in  front  of  the  ship  for  the  bows  to  fall  into.      The 
water   was  pushed  away,  and   had  to  go  somewhere  else.      It 
seemed  a  waste  of  words  to  discuss  whether  the  column  was 
"indefinite"   or    not.     Its    motion   would   soon   be   lost   in   the 
surrounding  water;    but  even  if  it  were  not,  its  length  would 
be  definite,  and  would  depend  upon  the  length  of  time  which  had 
elapsed  since  the  ship  started.      If  she  started  at  a  point  in  mid 
ocean,  and  her  speed  were  nine  knots,  while  the  real  speed  of  the 
head  of  the  column  was  one  knot,  at  the  end  of  one  hour  the  head 
would  be  one  sea  mile  distant  from  the  starting  point,  and  ten 
miles  distant  from  the  ship,  and  so  for  any  time  in  proportion.     In 
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^Mr  Howden's  application  of  the  Rankine  theory  of  his  propeller, 
lie  assumed  a  mean  **  slip  of  stream  "  of  2*24  feet  per  second.  He 
-did  not  say  how  he  arrived  at  this  figure;  the  resulting  thrust 
liorse  power  wa*  1,635.  He  was  correct  in  taking  S  +  «;,  and  not 
S  as  the  length  of  the  column  acted  on ;  S  was  the  length  of  the 
larger  column  J  K,  Fig.  19,  before  acceleration  and  contraction  had 
taken  place.  He  (Mr  Matthey)  arrived  by  graphic  construction 
at  a  dififerent  result  from  Mr  Howden.  He  drew  Fig.  15  to  a  scale  of 
one  centimetre  to  the  foot,  and  imagined  the  circle  of  the  propeller, 
from  the  boss  to  the  extremity,  to  be  divided  into  fifteen  annuli,  each 
of  six  inches  radial  dimension ;  and  measured  the  values  of  G^B^  and 
B*H^  for  the  mean  diameter  of  each  annulus.  (See  table,  page  246). 
The  thrust  horse  power  was  thus  1,360,  while  the  horse  power 
spent  on  the  water  was  only  75.  He  had  gone  into  these  numerical 
matters  because  Mr  Howden  had  appealed  to  Members  to  judge 
whether  his  demonstrations  were  right  or  wrong,  ^nd  complained 
that  hitherto  they  had  been  avoided.  But  a  more  important  matter 
was  the  question  raised  by  Mr  Howden,  as  to  whether  the  thrust 
increased  when  the  slip  increased,  owing  to  the  speed  of  the  ship 
being  reduced  by  a  head  wind,  or,  say,  when  towing  another 
vessel.  Here  he  (Mr  Matthey)  was  in  entire  agreement  with  Mr 
Howden ;  he  believed  that  the  thrust  did  not  increase,  but  remained 
nearly  or  quite  constant.  Mr  Howden 's  argument,  however,  effec- 
tually demolished  not  only  the  Eankine  method  of  calculating  the 
thrust  from  the  slip  (but  not  the  Bankine  theory  that  thrust  was 
due  to  the  reaction  of  water  with  a  sternward  motion),  but  also  his 
own  geometrical  construction,  based  on  the  theory  of  normal 
motion.  There  was  in  connection  with  the  screw  propeller  a  most 
wonderful  and  inexplicable,  yet  undeniable  phenomenon,  which 
upset  all  the  theories  he  (Mr  Matthey)  had  ever  read.  It  was 
that,  with  given  engine,  steam  pressure,  ship,  and  propeller,  the 
revolutions  were  nearly  the  same,  whether  the  ship  were  allowed 
to  go  full  speed  or  whether  she  were  retarded  or  even  stopped 
altogether  by  an  external  force.  A  tug's  engine  seemed  to  him  to 
go  at  the  same  speed  under  all  circumstances,  even  when  trying 
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The  following  table  gave  the  result  for  10  per  cent,  slip :- 


Diameten 

of 

annnloB 

feet 

Area  of 

annnluf. 

Sqnare 

feet. 

Length 

per 

second, 

feet. 

Real 

velocity 

B«  G>, 

feet  per 

second. 

Stemward 
velocity 
H'B', 
feet  per 
second. 

Energy 

per  second 

ftlbe. 

Forward  i 

reaction,  i 

Iba.       ; 

9          1 

5&    6 

8-64 

25-77 

1-47 

•77 

480 

344 

t. 
1 

6„     7 

1021 

26-97 

1-64 

•97 

710 

516      i 

j 

7„    8 

11-78 

2616 

1-79 

1-16 

980 

715     \ 

8„     9 

13-35 

26-33 

1-92 

1-33 

1290 

935     1 

9..  10 

14-93 

26-48 

203 

1-48 

1620 

1 
1175     ' 

[ 

10  „  11 

16-49 

26-62 

2-12 

1-62 

1980 

1 

1420     1 

11  „  12 

18-06 

26-73 

2-19 

1-73 

2300 

1680 

12  1  13 

19-64 

26-84 

2-26 

1-84 

2700 

1940     ' 

1 

13  „  14 

21-20 

26-93 

2-32 

1-93 

3050 

2130     i 

14  „  15 

22-78 

27-01 

2-37 

2-01 

3450 

2470     1 

15  „  16 

24-29 

27-09 

2-41 

209 

3810 

2760     '' 

1 

16  „  17 

25-98 

27-15 

2-44 

2-15 

4190 

3050     \ 

17  „  18 

27-48 

27-20 

2-47 

2-20 

4360 

1 

3300     1 

18  „  19 

29-06 

27-25 

2-49 

2-25 

4900 

3660     j 

19  „  20 

31-64 

27-29 

2-52 

2-29 
Totals,  - 

5450 

3960 

41,260 

29,955 

unsuccessfully  to  haul  off  a  ship  which  was  aground,  the  shp  being 
then  100  per  cent.  He  would  have  liked  to  verify  this  before 
sending  in  this  communication,  but  unfortunately  the  ice  was  only 
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1 

Length 
1  per  second. 

Real  Telocity 
G«B» 

Stemward 
velocity 
H«B« 

Enetgy 

per  second. 

ft.lbe 

Forward 
reaction        1 
lbs. 

7-7 

14-7 

7-7 

14,400 

1,030         I 

9-7 

16-4 

9-7 

26,800 

1,920 

11-6 

17-9 

11-6 

43,500 

3,160        ! 

1      13-3 

19-2 

13-3 

1 

56,500 

4,700 

14-8 

20-3 

14-8 

91,000 

6,505        i 

t 

16-2 

21-2 

16-2 

120,000      1 

8,650        j 

17-3 

21-9 

17-3 

150,000 

1 

10,800 

18-4 

22-6 

18-4 

/ 

189,000      ' 

13,400 

19-3 

23-2 

19-3 

219,000 

15,700        ! 

1 

201 

23-7 

201 

256,000 

18,400 

20-9 

241 

20-9 

294,000 

[21,100 

21-5 

24-4 

21-5 

330,000 

24,000 

1      220 

24-7 

220 

366,000      ' 

26,400        ' 

22-5 

24-9 

22-5 

400,000 

29,100        1 

22-9 

25-2 

22-9 
Totals,  - 

455,000      ' 

33,100 

1 

3,010,200      ' 

218,010 

just  breaking  up  on  his  river,  and  there  was  no  craft  under  steam ; 
but  even  if  his  memory  were  at  fault,  and  the  revolutions  consider- 
ably less  than  when  the  tug  was  free,  he  was  sure  they  were  suffi- 
ciently fast  to  impress  on  the  water,  on  the  theory  of  normal  motion, 
an  energy  greater  than  the  indicated  power  of  the  engines.     He 
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would  take  Mr  Howden's  propeller  and  show  that  energy  for  100 
per  cent,  slip  and  full  speed  of  engine.     The  speed  of  any  annulns 
through  the  propeller  was  H^B^  and  its  real  speed  G'  B^  to  the 
very  same  scale  as  C  B  represented  the  pitch.    Taking  the  same 
annuli  as  in  the  previous  table,  the  table  on  page  247  was  obtained. 
Here  was  a  horse  power  of  5,470,   and  a  thrust  of  98   tons, 
which  would  make  the  thrust  block  seize  and  break  the  blades  of 
the  propeller.     The  theory  of  normal  action  clearly  failed,  whether 
the  motion  was  supposed  to  take  place  uniformly  over  Eankine's 
column,  or  only  over  Mr  Howden's  four  patches.     How  could,  in 
Fig.  20,  the  same  driving  force  take  the  blade  from  A  to  B  in  the 
same  time  that  it  took  it  from  A  to  C  ?      Common  sense  would 
indicate  that  the  propeller  would  turn  very  much  slower  when  the 
ehip  was  held  motionless  than  when  she  was  free ;  but  common- 
sense  was  wrong.      The  water  was  probably  to  a  great  extent 
carried  round  and  round,  so  that  there  was  not  the  quantity  of 
fresh  water  indicated  in  the  above  table  continually   introduced 
and    dismissed    at    the    speeds    shown.       It    was   difficult    to 
believe  that  the  static  balance  of  forces  could  be  other  than  that 
:shown  in  Fig  21,  where  EG  was  the  fore  and  aft  and  DE  and  GF  the 
thwartship  direction ;   the  thick  line  was  the  blade,  and  EF  was 
at  right  angles  to  it     The  tangential  force  at  the  crank-pin  circle 
of  the  engine,  *'  corrected  to  the  driving  point,"  might  be  supposed 
to  act  along  DE  ;  the  triangle  of  forces  showed  GF  this  corrected 
force,  EF  the  pressure  on  the  blade,  and  EG  the  thrust.    It  mattered 
not  what  diameter  was  taken  on  the  propeller  ;  the  correction  of 
the  driving  force,  and  the  variations  of  the  angle  of  the  blade  were 
such  that  the  same  thrust  was   always  obtained.     While   this 
seemed  pretty  clear,  he  (Mr  Matthey)  thought  that  this  was  such 
a  difficult  and  obstruse  subject  that,  he  would  like  to  see  it  veri- 
fied whether  the  thrust  of  a    screw  tug  was  constant  at  all 
speeds,  from  full  speed  running  free,  then  towing  ships  of  various 
resistances,  down  to  zero  speed  with  her  stem  against  the  quay 
wall,  full  steam  being  turned  on  in  every  case.      One  almost 
regretted  the  disappearance  of  the  geared  screw  engine,  where 
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Fig.    20. 


the  fore  end  of  the  shaft  was  available  for  a  thrust 
dynamometer ;  some  useful  trials  might,  however,  be  made 
in  this  direction  with  electric  launches.  He  would  bring 
these  all  too  lengthy  remarks  to  a  close,  by  summing  up 
as  follows : — He  agreed  with  Mr  Howden  that  the  Rankine 
theory  failed  to  deduce  the  correct  thrust  from  the  dimensions  and 
slip  of  the  propeller.  The  correctness  of  Eankine's  calculation  of 
the  *'  Warrior's"  performance  was  a  most  egregious  fluke.      Both 
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Bankine  and  Mr  Howden  were  wron><  in  assuming  that  the 
motion  of  the  water  took  place  everywhere  at  right  angles  to  th& 
surface  of  the  blade  ;  the  smallness  of  the  variation  in  rotary 
speed  of  the  propeller,  with  large  variations  of  speed  of  ship 
ov^ng  to  external  resistance,  disproved  that  assumption.  Mr 
Howden  was  VTrong  in  attributing  the  thrust  to  anything  but 
inertia ;  that  was,  to  the  recoil  of  water  driven  astern.     Bankine's 

expression  —  was  typically  right ;  but  his  theory  did  not  give 

•/ 
the  values  of  either  W  or  v, 

Mr  Howden  in  reply  said  that  to  those  Members  who  had 
honoured  his  paper  with  their  criticisms,  he  had  to  confess  his 
regret  that  they  had  not  followed  his  request  to  study  first  the 
vital  parts  of  the  paper,  viz.,  the  demonstrations  (1)  of  the  actual 
movements  given  to  the  water  by  the  screw  in  propelling,  and  (2)  of 
the  erroneousness  of  Prof.  Eankine's  and  all  analogous  theories. 
If  this  advice  had  been  followed,  he  felt  assured  these  criticisms 
would  have  been  very  dififerent  in  character.  A  geometrical 
proof  was  absolute,  it  did  not  admit  of  being  partly  right  or 
wrong.  So  were  quantitative  proofs  based  on  actual  measure- 
ments, quantities,  weights,  and  velocities.  If  such  proofs  were 
submitted  in  support  of  any  statement  in  geometry  or  mechanics, 
nothing  was  more  easy  than  to  show  their  incorrectness  if  such 
existed.  He  had  submitted  proofs  fully  worked  out,  both  as  to 
what  was  right  and  what  was  wrong,  in  this,  as  in  his  previous 
papers  on  the  propeller's  action,  yet  not  one  of  those  who  had 
opposed  his  views  had,  during  these  twenty -eight  years,  ever 
proved  against  him  a  single  error.  After  waiting  in  vain  all 
these  long  years  for  any  such  proofs  of  error,  he  could  not  fairly 
be  accused  of  undue  haste  in  claiming  his  demonstrations  to  be 
unassailable.  Notwithstanding  these  facts,  at  no  former  dis- 
cussion of  his  papers  on  this  subject  had  it  been  attempted,  as  in 
this  discussion,  to  upset  his  demonstrations  by  narrations  having 
no  bearing  whatever  on  the  vital  questions  at  issue ;  by  assertions 
of  errors  made  without  the  slightest  supporting  proof ;  and  by  the 
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reiteration  of  the  opinions  and  statements  of  writers  on  the 
sabject  which  his  demonstrations  had  proved,  beyond  cavil,  to  be 
entirely  incorrect.  It  was  certainly  strange  that  all  those 
mathematicians  and  experts  who  opposed  his  views  on  the 
propeller,  should  suddenly  lose  their  knowledge  of  geometry  and 
power  of  delineation  and  calculation  when  asked  to  put  their 
objections  to  his  geometrical  proofs  and  calculations  in  similar 
form,  and  should  begin  to  argue  about  assumed  motions  of  water 
given  by  the  propeller,  motions  they  never  attempted  to  prove, 
this  being  impossible  as  such  motions  did  not  exist.  He  would 
here  ask.  his  honourable  opponents  on  this  important  subject,  if  it- 
was  fair,  if  it  was  even  admissible  in  the  discussion  of  an  entirely 
mechanical  subject  like  this — capable  of  being  accurately  deli- 
neated, geometrically  analysed,  and  reduced  to  dimensions — to- 
altogether  ignore  the  demonstrations  he  had  given  of  the  real 
action  of  the  propeller.  These  demonstrations,  supported  as  they 
were  by  what  purported  to  be  absolute  proofs,  could  only  in 
fairness  be  denounced  or  rejected  after  they  had  been  proved 
wrong,  and  that,  not  by  unsupported  assertions,  however  strong,, 
but  by  definite  geometrical  and  quantitative  proofs,  such  as  he 
had  used  in  support  of  these  demonstrations  of  the  propeller's- 
action.  He  submitted  that  no  other  method  was  in  fairness 
admissible  to  any  opponent.  If  any  such  could  prove  his  state- 
ments wrong  in  this,  the  only  legitimate  way,  he  was  prepared  to- 
make  the  fullest  apology  for  what  would  then  be  his  persistence  in 
holding  as  right  what  had  been  proved  to  be  wrong.  But  until 
such  proof  was  forthcoming,  be  must  necessarily  hold  that  he  had 
absolutely  proved  in  these  papers  the  real  and  only  actions  the 
propeller  could  make  on  the  water  under  any  given  conditions. 
Before  referring  to  the  individual  criticisms  made  in  the  dis- 
cussion,  it  would,  he  believed,  save  some  time  and  space  if  he 
first  noticed  some  points  which  seemed  to  be  held  more  or  less 
in  common  by  several  Members  who  at  the  same  time  objected  to 
his  views.     He  would  class  these  as  follows : — 

(a)  That  his  geometrical  demonstrations  of  the  true  action  of 
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the  propeller  might  be  correct  so  far  as  they  went,  tuxt 
did  cot  appear  to  go  far  enough,  and  stopped  short  of 
a  complete  theory. 

(b)  That  his  methods  if  carried  further  would  probably  yield 

results  identical  with  Eankine  and  Froude,  and  tliat 
the  only  difference  between  Eankine  and  himself  was 
the  quantity  of  water  moved,  the  rate  of  movement  in 
both  cases  being  the  same. 

(c)  That  he  neglected  the  hydrodynamical    effect    of    the 

propeller,  which  effect  was  said  to  be  so  important  as 
to  make  all  other  demonstrations  of  no  value. 

(d)  That  he  neglected  the  effect  of  the  centrifugal  action  of 

the  propeller. 

(c)  That  he  forgot  that  the  views  of  Froude  and  Bamaby 
were  founded  on  actual  experiments. 

(/)  That  he  neglected  or  controverted  Newton's  three  laws  of 
motion. 

Though  the  explanations  given  in  this  and  in  his  previous  papers 
-should  have  rendered  it  unnecessary,  he  would,  to  prevent,  if 
possible,  further  misunderstanding,  take  up,  so  far  as  his  time 
would  permit,  each  of  these  points  again.  Firstly,  he  would 
remind  those  who  considered  that  his  demonstrations  did  not  go 
far  enough  and  stopped  short  of  a  complete  theory,  that  he 
claimed  to  have  absolutely  demonstrated  geometrically  and  quan- 
titatively, by  means  of  the  seven  geometrical  propositions  and 
their  application  to  an  actual  screw  of  given  dimensions,  how  the 
exact  extent  of  all  its  motions  could  be  absolutely  ascertained  for 
any  propeller  under  all  the  varying  conditions  of  dimensions, 
shapes  of  blades,  pitches,  slips,  and  revolutions.  His  geometrical 
analysis  proved  the  exact  movement  given  to  the  water  by  every 
successive  circumferential  line  on  the  blade  under  every  possible 
variation  of  conditions.  These  demonstrations  covered  completely 
«very  movement  of  the  screw  in  itself  and  its  action  on  the  water 
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in  propelling,  and  showed  further  how  all  these  movements  by 
any  given  screw  could  be  graphically  represented  and  absolutely 
calculated  numerically.     When  all  these  movements  were  known, 
nothing  remained  unknown  about  the  action  of  the  screw  pro- 
peller and  no  further  theory  was  wanted.     The  word  "theory" 
had  here  evidently  been  conceived  as  containing  some   intrinsic 
value  in  itself,  over  and  above  that  due  to  demonstrations  which 
gave  complete  knowledge  of  all  the  correlated  facts,  that  was,  all 
the  phenomena  connected  with  the  screw's  propelling  action.    The 
term  **  theory  *'  was  generally  used  or  applied  to  phenomena,  some 
parts  of  which,  at  least,  did  not  admit  of  absolute  proof,  but  were,  for 
reasons  given  in  the  theory,  most  likely  to  be  correct.    Statements 
regarding  the  action  of  the  screw  propeller  when  fully  demon- 
strated, as  those  in  this  paper,  and  understood,  as  all  mechanical 
action  should  be,  got  beyond  the  region  of  theory  into  that  of 
absolute  knowledge  of  the  important  facts  desiderated.     It  ap- 
peared to  be  necessary  to  mention  here  that  this  paper  and  those 
of  1879  and  1890  were  limited  to  the  consideration  of  the  pro- 
pelling movements  of  the  screw.     But  his  papers  of  1877-78  also 
included  the  important  consideration  of  the  effect  of  the  displace- 
ment of  water  by  the  body  of  the  propeller.     For  the  complete 
action  of  the  screw  the  displacing  movements  as  analyzed  in  these 
papers  should  also  be  studied,  as  these  movements  were  quite 
distinct  from   the   propelling   movements.      What    he    had   not 
attempted  in  these  papers  was  the  formulation  of  rules  to  calculate 
thrust  from  compression  of  the  water  by  slip,  as  he  considered* 
such   as   inapplicable   for   this   purpose,   as   they  would   be    for 
calculating  the  thrust  from  the  wear  on   the   shaft  collars  and 
thrust  rings  in  the  thrust  block.     Nor  had  he  considered  the  effect 
of  friction  in  these  papers,  not  because  it  was  unimportant,  quite 
otherwise,  but  because  it  could  not  be  ascertained  without  elaborate 
and  expensive  experiments.     The  only  reliable  way  to   find  the 
thrust  effects  of  different  slips,  under  an  equal  power  of  engine, 
was  by  the  use  of  a  proper  dynamometer,  w^hich  could  without 
great  cost  be  easily  applied  to  ships  of  500  or  1,000  i.h.p.      His 
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analysis  also  provided  for  the  exiict  calculation  of  the  effect  of  the 

wake  and  of  its  varjring  effects  at  different  depths  whenever  these 

different  velocities  were  ascertained.     He  therefore  held  that  his 

investigation  of  the  propeller's  action  covered,  with  the  above 

necessary  limitations,  all   the   movements    any  propeller  could 

make.      Secondlyy  those  who  thought  that  his  methods  if  more 

fully  worked  out  would  probably  be  found    to   coincide    with 

Eankine  and    Froude,   showed   what  great  confusion  of    mind 

•existed  as  to  the  real  action  of  the  propeller  and  how  little  his 

•demonstrations  of  this  action  had  been  comprehended  even  by 

those  who  wrote  on  the  subject.     Those  who  so  spoke  showed 

they  had  no  proper  conception  of  the   rationale,   either  of  his 

demonstrations  or  of  the  Eankine  theory.  Admitting  as  they  did  the 

correctness  of  his  demonstrations  "so  far  as  they  went,"  they 

gave  their  whole  case  away.     If  his  demonstrations  were  correct 

then  no  other  conclusions  whicli  differed  from  them  could  be 

correct.     His  conclusions  rested  entirely  on  geometrical  proofs, 

-the  correctness  of  which  could  be  examined.     These  showed  that, 

the  extent  of  the  motions  given  to  the  water  by  the  propelling 

face  of  the  blade  of  his  example  propeller,  at  its  extreme  and  most 

effective  diameter,  was  -82  inches  when  making  10  per  cent.  slip. 

By  the  Eankine  theory  the  movement  given  to  the  water  by  this 

propeller  at  the  same  diameter  with  the  same  slip  was  27  inches ! 

No  one  who  was  convinced  that  the  sum  of  the  angles  of  any 

triangle  was  equal  to  two  right  angles  could  ever  be  led  to  believe 

by  the  strongest  assertions  that  though  in  some  cases  this  might 

be  so,  yet  in  some  other  triangles  the  sum  of  the  angles  might  be 

.equal  to  three  or  four  right  angles ;  nor  was  it  possible  that  those 

who  were  convinced  that  two  and  two  made  four,  would  ever 

be  persuaded  by  even  the  most  plausible  rhetorician  that  though 

these  two  sums  together  made  four  in  ordinary  calculations,  yet  in 

some  calculations,  such  as  those  connected  with  the  mysterious 

movements  of  the  screw  propeller,  they  might  make  five  or  even  ten. 

Not  one  bit  less  absurd  and  incongruous  were  the  ideas  that,  if  he 

carried  his  demonstrations  far  enough  they  might  be  found  to 
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harmonise  with  the  views  of  Bankine  and  Froude.     The  only 
point  in  common  between  the  Bankine  theory  and  the  facts 
regarding  the  action  of  the  propeller  brought  to  light  by  his 
geometrical  analysis,  was  that  of  the  extent  of  the  difference 
between  the  slip  of  the  screw  and  the  slip  of  the  water  per  revolu- 
tion.   He  called  special  attention  to  the  agreement  being  limited 
-entirely  to  the  slip  on  the  whole  revolution,  for  what  he  proved  to  be 
.actual  slip  made  during  the  revolution  as  found  by  props.  6  and  7, 
Prof.  Bankine  assumed  as  being  made  from  beginning  to  end  of 
the  revolution,  which  was  a  vital  mistake.     He  had  again  to  call 
.attention  to  the   crucial  fact  which  distinguished  and  separated 
these  demonstrations  from  all  others  on  the  motions  imparted  by 
the  blades  of  a  propeller,  which  was  the  division  of  the  total  slip 
of  the  water  per  revolution  by  the  number  of  times  the  arc  of  the 
-circle  across  the  face  of  the  blade  at  any  given  diameter  divided 
the  distance   travelled  by  the  blade   in  one  revolution  at  that 
-diameter.     This  gave  the  only  true  key  to  the  solution  of  these 
propeller    problems,    and    showed  all    other    estimates    of    the 
movement  of  the   water  to   be  egregiously  wrong.       Even   at 
100  per  cent,   of  slip,   where    t^e    Bankine    theory    would    at 
20  feet  diameter  of  this  propeller  give  the  movement  of  the  water 
£kS  25-4  feet  per  revolution, — his  analysis  showed  that  the  total 
movement  imparted  to  the  water  by  the  blade  at  this  diameter 
-was  only  about  8J  inches.     This  movement,  of  course,  increased 
towards   the    root   of   the  blade,    on  account   of   the   increased 
breadth  of  the   blade,   its  increased   angle,    and    the    reduction 
of    its    diameter.       With    the    vessel    remaining    fixed    in   one 
position  this  movement  would,  of  course,  set  up  a  continuous 
.stream,  but  if  the  blade  were  reduced  one-half  in  breadth  the 
movement  of  the  water  per  revolution  at  100  per  cent,  slip  would 
be  reduced  one-half  also,  and  so  on  in  proportion  until,  even  with 
this  slip,  the  movement  of  the  water  would  scarcely  be  observed. 
'These  facts  proved  that  the  extent  of  the  movement  of  the  water 
was  governed  by  the  breadth  of  the  blade,  a  fact  entirely  left  out 
wof  account  by  all   other   writers  on  the  screw  propeller.     The 
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Rankine  theory  required  for  his  example  propeller  at  10  per  cent- 
slip  a  column  of  water  25  feet  in  length  +  2-24:  feet  added  thereto 
by  slip,  in  all  27*24:  feet  in  length,  and  detached  in  some  un- 
explained manner  from  the  surrounding  water  that  it  might  be 
thrown  in  a  mass  each  revolution  2 '24  feet,  in  order  to  obtain  the 

necessary  thrust  reaction  as  calculated  by  the  —   formula.     He 

had  in  all  his  papers  already  dwelt  sufiQciently  on  the  impossibility 
of  this  motion  that  he  need  not  go  over  the  same  ground  again. 
It  would  suffice  to  repeat  that  whatever  extent  of  motion  was  given 
to  the  water  by  the  screw  it  was  a  uniform  motion^  and  not  given  by 

one  impulse,  or  accelerated,  so  that  the  formula would  not 

y 

apply  even  if  the  column  existed,  as  only  the  friction  of  the 
moving  column  would  then  constitute  the  resistance.  As  a  basis 
for  calculating  the  reaction  of  the  propeller,  all  columns,  vortices, 
etc.,  were  entirely  inapplicable.  As  his  demonstrations  of  the 
true  action  of  the  propeller  proved  that  the  phenomena  they 
established  were  as  far  as  the  poles  asunder  from  those  on  which 
Prof.  Rankine's  theory  \vere  based,  it  could  no  more  be  admitted 
that  the  latter  were  also  correct,  than  it  could  be  admitted  that 
though  two  and  two  made  four  generally,  in  some  cases  they  made 
five  or  ten.  Thirdly^  The  hydrodynamics  of  the  propeller.  From 
the  special  references  made  by  some  Members  to  this  branch  of 
science,  they  seemed  to  consider  it  something  mysterious  and 
esoteric,  known  only  to  the  initiated,  and  that  his  presumed  lack 
of  knowledge  of  this  science  rendered  his  demonstrations  of  no 
value  whatever.  As  mysterious  science  was  a  contradiction  in 
terms,  he  trusted  he  might,  without  irreverence,  say,  that  after  all 
what  these  critics  referred  to  was  merely  the  movements  made  on 
the  water  by  the  blades  of  the  screw  in  propelling.  The  displace- 
ment of  the  water  by  the  body  of  the  blades  and  boss  might 
also  be  taken  into  account,  though  it  was  the  propelling  move- 
ments which  were  really  in  the  minds  of  these  critics,  the  very 
actions  about  which  all  his  latter  papers  had  been  written.     He  had 
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littered  himself  that  he  was  the  only  writer  on  the  science  of  the 
propeller  who  had  shown  its  true  hydrodynamical  effect,  though 
these  critics  doubted  his  having  any  knowledge  of  this  science. 
They  evidently  had  in  their  minds  some  grand  movements  of 
'water;  such  as  the  Kankine  column,  rotating  as  some  (though 
not  Kankine)  had  it,  or  the  grander  conception  of  Mr  Eigg,  which 
they  considered  necessary  to  account  for  the  reaction  by  which 
the  ship  was  driven  forward.  As  he  had  mentioned  in  his  paper,  it 
was  the  impossible  hydrodynamics  of  Mr  Arthur  Kigg  which  first 
led  him  to  consider  the  true  action  of  the  propeller.  These,  as 
<x)nceived  by  Mr  Kigg,  were  on  a  royal  scale  of  magnificence. 
Mr  Kigg's  views  were  received  with  much  acceptance  at  the 
Instituton  of  Naval  Architects  and  other  Institutions  when  read 
about  the  year  1868.  In  his  (Mr  Howden*s)  paper,  read  before  the 
Institution  of  Naval  Architects  in  1890,  he  made  some  critical 
observations  on  this  theory  where  they  could  be  examined,  page 
252,  Transactions  of  the  Institution  of  Naval  Architects,  Vol. 
XXXI  ♦  Suffice  it  to  say  here  that,  according  to  Mr  Kigg's 
theory  the  blades  of  his  (Mr  Howden's)  example  propeller  at 
10  feet  3  inches  diameter  would,  independently  of  slip  (which 
he  never  mentioned)  throw  the  particles  of  water  with  which 
they  came  into  contact  all  round  the  revolution,  a  distance 
from  the  propelling  faces  of  not  less  than  42  feet!     Certainly 

**'This  theory  (Mr  Rigg's)  has,  however,  evidently  impressed  many 
minds  with  some  remarkable  notions  of  the  behaviour  of  the  water  within 
the  '  sphere  of  influence '  of  a  screw  propeller,  and  along  with  some  of 
the  views  of  the  late  Mr.  Robert  Griflfiths,  appeared  to  have  given  rise  to 
such  ideas  and  expressions,  now  continually  appearing  in  screw  literature, 
as  '  reverse  currents,'  *  screw  race,'  *  feeding  the  screw,'  *  water  passing  into 
or  through  the  screw,'  *  screw  spinning  a  rope  of  the  wake,'  *  rotation  of  the 
race,'  etc.  Some  of  these  expressions  seemed  to  rise  not  only  from  the 
idea  of  a  great  twisting  and  elongated  motion  being  given  to  the  water  by 
the  propeller,  but  also  from  the  further  idea  of  the  propeller  working 
without  forward  movement — in  a  partly  inaccessible  place,  where  the 
reluctant  water  was  sucked  and  dragged  into  its  embrace  as  into  a  turbine 
wheel,  and  after  being  whirled  round  for  an  indefinite  period  was  thrown 
off  sternward  or  angularly  in  a  grand  revolving  current  equal  or  nearly  so 
.to  the  area  of  the  screw's  disc."     Mr.  Froude  used  frequently  such  expres- 

17 
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to  such    as    considered    such    grand    backward   movements    of 
the  water  as  absolutely  necessary  to  ensure  a  grand   forward 
movement  of  the  ship,  his  small  retrogressive  movement  of  one^ 
or  two  inches  of  water  must  appear  ridiculous.     It  was  true, 
nevertheless,  and  the  opposite  untrue.     A  large  backward  move- 
ment of  water,  that  was,  a  large  slip,  meant  a  small  forward 
movement  of  the  ship.     As  this  backward  movement  increased^ 
though  equal  power  was  expended,  the  forward  movement  cor- 
respondingly decreased.     This  was,  of  course,  all  against   the 
authorities,   but  all  so   much   the   worse   for    such  authorities. 
Though  it  involved  excessive  repetition,  he  must  reiterate  that 
his  analysis  geometrically  proved  the  real  hydrodynamics  of  the 
propeller,  and  at  the  same  time  the  impossibility  of  any  such  thing- 
as  a  screw  **race,"  ** column" — rotating  or  otherwise — ** vortices," 
^'  centrifugal  action,''  etc.  (which  had  hitherto  occupied  so  use- 
lessly, or  rather  disastrously,  the  minds  of  professional  experts), 
being  produced  by   the  propeller's   action   and  reaction   under 
ordinary  conditions  of  working.     For  still  further  illustration,  take 
again  the  example  propeller  at  its  extreme  diameter,  where  the 
propeller  face  of  the  blade,  during  a  movement  equal  to  its  own 
breadth,  only  moved  the  water  against  which  it  pressed  -82  inches. 
It  must  also  be  noted  that  this  '82  inches  was  only  completed  at 
the  end  of  the  movement  by  the  last  point  in  the  blade,  the  mean 

sions  as  "  water  passing  into  or  through  the  screw,"  "rotation  of  the  race,'* 
etc.  The  water  had  no  tendency  whatever  to  pass  "through  the  screw."  It 
was  the  screw  that  passed  through  the  water.  If  the  ship  was  going 
against  a  strong  current,  the  current  would  assist  the  turning  of  the  screw- 
If  on  the  other  hand  the  current  were  running  with  the  ship  the  effect  of 
this  following  current  was  to  retard  the  turning  of  the  screw,  the  resistance 
to  the  turning  of  the  propeller  blades  being  increased  thereby.  He  mieht- 
add  here  that  the  almost  universal  idea  of  a  body  of  water  called  a"race," 
being  driven  astern  at  som<;  velocity  by  the  action  of  the  propel!er  was 
entirely  iUusory.  What  so  appeared  to  those  who  spoke  of  a  "screw 
race"  arose  doubtless  from  the  forward  movement  of  the  vessel  leaving 
astern  the  commotion  caused  by  the  rapid  displacement  of  the  water 
by  the  bodies  of  the  screw  blades.  This  apparent  sternward  movement 
or  "  race "  as  it  was  erroneously  called,  did  not  recede  from  the  vessel- 
It  actually  followed  it  to  some  extent,  under  the  influence  of  the  wake. 
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movement  of  the  water  across  the  blade  at  this  diameter,  at  any 
given  instant,  being  one-half,  or  -41  Inches.  Another  notable  fact 
was  that  the  blade,  at  this  diameter,  at  10  per  cent,  slip,  passed 
through  a  distance  of  67*62  feet  in  one  revolution,  and  at  any  given 
instant  was  only  ending  on  the  laater  acrosx  its  own  face,  and  nowhere  else. 
As  this  face  was  only  ^^th  part  of  the  distance  passed  over,  the 
remaining  36  parts,  or  fully  97  per  rent,  of  the  revolution  remained 
unacted  on.  Further,  each  particle  of  water  touched  by  the  blade 
had  only  been  in  contact  with  it  u^th  part  of  a  second,  and  had 
been  moved  *82  inches  at  a  uniform  velocity.  The  flat  propelling 
face  of  the  blade  only  glided  over  the  water  face  of  the  nut.  The 
slip  movement  began  as  quietly  as  it  ended,  the  movement  of 
the  water  by  the  first  inch  of  the  blade  being  barely  ^th  part  of 
an  inch,  so  that  no  impulse  or  blow  was  given  to  the  water  by  the 
blade,  and  likewise  no  time,  so  to  speak,  for  the  water  to  yield  to 
pressure.  Then  as  the  body  of  the  blade  left  an  empty  space 
behind  it,  any  stemward  or  angular  movement  given  to  the  water 
against  which  the  blade  had  pressed  was  extinguished  by  that 
water  falling  into  this  space.  These  important  facts  being  fully 
understood,  there  was  no  difficulty  in  comprehending  how  the 
reaction  of  the  propeller  was  obtained  with  the  slightest  stern- 
ward  movement  of  the  water.  Before  leaving  the  hydrodyna- 
mics of  the  propeller,  it  might  be  well,  though  it  lengthened 
his  reply,  to  examine  Mr  Froude's  remarks  on  this  pointy 
as  given  in  the  discussion  of  his  1890  paper,  which  he 
had  printed  in  full  for  distribution.  It  would  be  observed 
that  Mr  Froude  unfortunately  again  confused  the  issue,  and 
made  it  appear  that  he  said  exactly  the  opposite  of  what  he 
did  say  by  using  AE  in  Fig.  2  for  the  breadth  of  the  blade  and 
DE  for  the  movement  of  the  water  by  the  blade  in  moving  its 
own  breadth,  and  then  went  on  to  say  ''during  a  complete 
revolution  of  the  propeller  the  water  moved  not  only  as  Mr 
Howden  says  the  distance  ED  (where  AE  is  the  blade  width) 
but  that  distance  multiplied  by  the  number  of  times  the  blade 
width  is  contained  in  the  distance  of  the  spiral  travel  per  revolu- 
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tion."     Mr  Froude  (besides  being  in  error  in  taking  A  E  of  Kg.  2 
as  tbe  width  of  the  blade  which  gave  a  slip  E  D  in  moving  its  oi^n 
vdth,  for  it  was  a  width  of  blade  equal  to  AC  that  gave  BO) 
instead  of  using  Fig.  3  of  his  (Mr  Howden's)  1890  paper,    or 
Fig.  4  of  the  present  (where  the  10  per  cent,  slip  illustration  vras 
shovm  correctly  to  scale,  and  also  the  actual  slip  movement  by 
the  blade  in  the  two  close  parallel  lines)  used  Fig.  2,  which  in 
both  papers  showed  the  total  slip  on  the  revdidion,  to  represent 
the  slip  on  a  movement  of  a  blade  width,  a  width  which  in  this 
Fig.  would  be  on  the  extreme  diameter  of  the  propeller  equal  to 
the  whole  convolution,  or  6S-62  feet.     This  was  sufficiently  con- 
fusing, but  was  much  less  than  what  followed,  which  was,  as 
given  above,  "  that  he  said  the  water  moved  not  only  the  distance 
ED,  but  that  distance  multiplied  by  the  number  of  times  the 
blade  width  was  contained  in  the  distance  of  the  spiral  travel  per 
revolution."     How  such  a  statement  should  be  made  after  he  had 
written  all  these  papers  to  prove  the  exact  contrary  was  difficult 
to  comprehend.     Any  one  reading  and  accepting  this  statement  of 
Mr  Froude  must  be  impressed  with  the  large  volume  of  water 
dealt  with  by  this  propeller,  not  suspecting  that  this  ED  of  Mr 
Froude  was  actually  only  -82  inches  at  10  per  cent,  slip,  and  that 
instead  of  this  movement  being  multiplied  37  times  in  a  revolution 
remained  at  '82  inches  during  the  whole  revolutioii,  though  the  screw 
dropped  in  the  period  2*77  feet  in  slip.      Mr  Froude,  notwith- 
standing all  his  (Mr  Howden's)  explanations,  apparently  did  not 
understand  what  he  was  criticising,  as  his  statement  reversed  his 
{Mr  Howden's)  geometrical  proof.     Mr  Froude,  after  this  state- 
ment, went  on  to  refer  to  the  case  of  the  ricochetting  shot  given 
by  him  as  illustrating  the  great  resisting  power  of  water  when 
suddenly  struck  by  even  such  a  body  as  a  round  shot,  and  said : — 
**The  reaction  derived  from  this  and  all  other  cases  arises  alike 
from  the  circumstance  that  water  is  not  only  set  in  motion  but 
that  it  is  dismissed  in  motion ;  and  in  all  cases  by  the  quantity  set 
in  motion  multiplied  by  the  speed  with  which  it  is  dismissed.     To 
dispute    this    proposition    is    to  dispute    not   only   the   received 
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theories  of  the  propulsion  of  vessels,  but  the  first  principles 
of  hydrodynamics."    If  Mr  Froude  stated  correctly  here  v^hat 
were  the  received  theories  of  the  propulsion  of  vessels  and  the 
received  first  principles  of  hydrodynamics,  he  had  no  hesitation  in 
saying  that  it  v^as  time  that  these  received  theories  and  first 
principles  received  further  examination.     The  illustrations  he  had 
given  afforded  sufficient  reasons  for  rejecting  these  theories  and 
principles  as  stated  by  Mr  Froude.     A  100-lb.  round  shot  of  nine 
inches  diameter,  when  it  struck  the  water  at  a  high  velocity  and 
moderate  angle,  did  not  appear  to  sink  more  than  its  own  diameter, 
and  rose  again  instantaneously.     It  scooped  out  a  very  inconsider- 
able quantity  of  water  which  it  drove  forward,  upward,  and  around, 
when  it  struck  the  water,  and  rebounded  therefrom  at  a  somewhat 
reduced  angle.     The  resultant  or  direction  of  the  reaction  of  these 
forces  would  be  nearly  perpendicularly  downwards  so  that  the 
quantity  and  velocity  of  the  water  dismissed  to  give  the  required 
reaction,  according  to  Mr  Froude,  must  extend  fathoms  deep, 
the  area  struck  being  small  and  the  forces  great.     Experience, 
however,  showed  that  such  reaction  was  obtained  with  extremely 
email  motion  of  the  water   downwards.     Should  a  small  fish 
happen  to  be  only  a  few  inches  right  under  the  centre  of  the  forces^ 
of  reaction  where  this  ball  struck,  it  might  receive  a  nervous  shock, 
but  no  bodily  harm  from  the  *  *  dismissed  * '  water.    Now  this  spheri- 
cal shot,  small  but  heavy,  striking  the  water  at  such  a  tremendous 
velocity,  say  from  400  to  500  feet  per  second,  must  have  a  vastly 
greater  effect  in  penetrating,  moving,  and  dismissing  water  than 
that  of  a  flat,  broad  surface,  like  a  screw^  blade,  which  did  not 
strike  the   water  at  all,  but  glided  over  it  many  feet  under  the 
surface  at  a  high  velocity,  with  a  comparatively  small  pressure 
against  the  water  per  square  inch  of  surface  of  blade.     The  water 
dismissed  by  the  pressure  of  the  blade  face  was  a  mere  bagatelle, 
as  his  analysis  showed.     Multiplying  its  weight  or  quantity  by 
the  speed  at   which  it  was    dismissed  would    not    balance    a 
hundredth  part  of  the  actual  force  of   reaction  given  by  the 
scarcely  yielding  water  to  the  screw  blades.    There  was  in  short 
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practically  no  dismissal  of  water  made  by  the  screw  blades   at 
ordinary  working  slips,  and  therefore,  according  to  Mr  Fronde,  no 
reaction.     The  accumulated  movement  on  a  particle  of  water  from 
the  beginning  to  the  ending  of  the  line  across  the  blade  was 
exceedingly  small  and  the  velocity  was  uniform.     The  last  toach 
given  by  the   blade,  as  well  as  the  first,  was  infinitely  small. 
There  could,  therefore,  be  no  dismissal.     Mr  Froude  and  his 
hydrodynamics  had,  in  fact,  here  no  material  to  work  on.     The 
particles  moved  did  not  rebound  from  the  blade,  but  fell  into  the 
cavity  left  behind  its  body,  which  cavity,  in  proper  screws,  should 
always  be  greater  than  the  quantity  of  water  moved  as  slip  by  the 
face  of  the  blade.    These  facts,  brought  to  light  by  his  analysis  of 
the  actual  motions  of  the  propeller,  quite  destroyed  the  hydro- 
dynamical  theory  of  its  reaction  in   Mr  Fronde's  sense.     The 
reaction  of  the  propeller  rested  more  on  hydrostatics  than  hydro- 
dynamics.    Its  fallacy,  like  that  of  Prof.  Eankine's  theory,  which 
Mr  Froude  defended,  lay  clear  on  the  face  of  it.    Take,  for  ex- 
ample,  the  case  which  he  (Mr  Howden)  had  tried  again  and  again  to 
bring  home  to  the  consciousness  of  his  opponents  on  this  question » 
where  the  slip  was  reduced  one-half,  say  from  10  per  cent,  to 
■5  per  cent.,  the  engine  power  and  revolutions  remaining  the 
same,  the  ship  gained  thereby  an  addition  of  5  per  cent,  to  her 
speed,  the  thrust  and  consequent  reaction  being  necessarily  in- 
creased to  give  the  increased  speed.     This  increased  thrust  was 
obtained  by  the  power  previously  wasted  in  moving  the  double 
quantity  of  slip  water  being  utilised  for  propulsion.     Mr  Fronde's 
hydrodynamic  theory  applied  here  would  give  the  5  per  cent,  slip 
and  increased  speed,  with  only  half  the  water  dismissed  at  half  the 
velocity.     By  this  hydrodynamic  theory  the  increased  speed  of  5 
per  cent,  would  thus  be  obtained  by  one-fourth  the  thrust  power 
required  for  the  lower  speed.    Prof.  Eankine's  theory,  as  he  had  all 
through  shown  in  his  various  papers,  was  based  on  the  same  fallacy. 
It  had  always  greatly  astonished  him  how  highly  educated  men 
should  maintain  such  palpable  fallacies  when  these  had  been 
pointed  out,  and  a  real  solution  of  the  questions  at  issue  had  been 
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-shown  to  them.    He  knew  nothing  in  the  history  of  science  to  equal 
the  hehaviour  of  those  experts  who  had  employed  themselves  in 
formulating  theories  regarding  the  action  of  the  screw  propeller. 
Though  it  was  evident  that  this  strange  anomaly  had  arisen  by 
their  holding  on  to  theories  based  on  imaginary  and  impossible 
assumptions  instead  of  ascertained  facts,  the  difficulty  remained^ 
why  this  should  specially  happen  amongst  experts  dealing  with 
the  action  of  the  screw  propeller?     He  had  already  given  his 
opinion  that  very  much  of  the  existing  extraordinary  confusion 
of  ideas  regarding  its  action  was  owing  to  the  high  and  merited 
reputation  of  Prof.  Eankine,  who  so  far  back  as  1865,  when  the 
screw  propeller  had  but  a  short  time  before  begun  to  displace  the 
paddle  wheel  in  propelling  ships,  formulated  his  theory,  which  to 
mathematicians  in  naval  and  engineering  circles,  who  had  not 
thought  out  the  subject  for  themselves,  appeared  to  be  a  complete 
and  scientific  exposition  of  the  subject.     When  once  such  a  theory 
regarding  an  apparently  complicated  subject  took  hold,  and  was 
taught  in  Universities  and  in  Naval  Colleges,  it  became  doubtless 
difficult  to  convince  those  who  had  been  so  educated  of  its  erroneous- 
ness.     But  it  was  still  difficult  to  understand  how  such  special  pre- 
judices should  have  arisen  in  reference  to  this  one  subject.    Those 
who  studied  impartially  the  history  of  these  theories  of  the  screw 
propeller  must,  he  thought,  be  convinced  that  nothing  had  done 
more  to  prevent  the  true  action  of  the  screw  from  being  under- 
stood and  accepted  than  the  false  conception  of  a  great  stemward 
movement  of  the  water  being  necessary  to  obtain  the  required 
reaction  such  as  that  on  which  Prof.  Bankine's  theory  rested* 
Examples  of  the  maze  of  confusion  and  uncertainty  existing  in 
the  minds  of  those  who  endeavoured  to  believe  in  these  theories 
could  nowhere  be  better  shown  than  in  three  papers  of  Mr 
Froude,  read  before  the  Institution  of  Naval  Architects,  two  in 
1899,  and  one  in  1892.    In  these  papers  the  evidently  sincere  but 
vain  attempts  to  grapple  with  the  insuperable  difficulties  of  the 
Bankine  column  were  painfully  manifest.    This  blind  following  of 
recognised  authorities  was  not,  however,  confined  to  Mr  Froude. 
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It  appeared  to  have  affected  all  in  the  higher  ranks  of  naval  ajid 
engineering  science.     Fourthly^  The  long  explanation  of  the  action 
of  the  propeller  blades  given  under  the  last  head  rendered  it  almost 
unnecessary  to  refer  to  this  supposed  centrifugal  action  of  the 
propeller,  though  it  was  at  one  time  very  widely  held,  and  as  was- 
evident  from  this  discussion  it  still  had  a  place  in  some  minds. 
CSentrifugal  action  could  only  be  set  up  by  an  instrument  revolving 
continuously  among  the   same  particles  of  water,  which   was 
exactly  what  was  not  done  by  propeller  blades  in  screwing.     It 
had  been  shown  that  the  propeller  blades  were  only  in  contact 
with  the  same  particles  of  water  for  the  merest  fraction  of  & 
second,  so  that  there  was  not  the  slightest  tendency  for  the  blades 
to  set  up  any  centrifugal  action;  on  the  contrary,  the  displace- 
ment of  water,  caused  by  the  body  of  the  propeller  blades,  was 
much  greater  towards  the  centre  of  the  propeller  where  the  large 
boss  and  the  thick  roots  of  the  blades  in  their  movements  left 
large  cavities  to  be  filled  up  by  the  surrounding  water,   and 
necessarily  caused  a  flow  oi  the  water  from  the  outer  parts 
towards  the  centre.     This  he  had  explained  in  his  paper  of  1878, 
where  Fig.  6  illustrated  the  movement  of  the  water  towards  the 
centre  of  the  propeller.     Fifthly,  Mr  Froude  in  his  1886  paper  did 
not  give  sufficient  information  to  enable  one  to  understand  how 
his  experiments  with  model  screws  were  carried  out  to  provide 
matter  for  a  definite  criticism.     It  was  only  recently,  by  noticing 
some  remarks  by  Mr  Barnaby  in  reference  to  Mr  Froude's  trials 
with  model  screws,  that  he  (Mr  Howden)  came  to  learn  that 
Mr  Froude's  experiments  were  made  in  a  similar  manner  to  those 
recorded  by  Mr  Barnaby  in  his  paper  of  1890,  read  at  the  Institution 
of  Civil  Engineers.    Mr  Barnaby's  account  of  these  trials  was  very 
interesting,  and  with  the  diagrams  enabled  one  to  understand  the 
manner  in  which  the  slip  and  thrust  were  obtained,  and  the  power 
as  well  as  the  curves  of  useful  work  and  efficiency  calculated. 
In  these  experiments  by  Mr  Barnaby  the  model  screw  was  placed 
at  the  end  of  a  shaft  projecting  from  the  bow  of  a  steam  launch 
driven  by  an  independent  engine  which  was  supposed  to  give  a 
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speed  to  the  launch,  during  the  experiments,  of  4^  knots.  The 
EDodel  screw  used,  from  which  the  diagrams  were  made,  was 
9  inches  in  diameter  and  10*3  inches  pitch.  An  independent  engine 
Earned  the  model  screw  which  had  necessarily  to  run  up  to  531 
vevolutions,  or  456  feet  per  minute,  to  attain  the  same  speed  as  the 
boat  when  driven  by  its  ovm  screw  at  4 J  knots.  Mr  Barnaby's 
diiagrams  showed,  however,  a  positive  thrust  at  500  revolutions  on 
the  model  screw,  so  that  either  the  actual  average  pitch  must  have 
been  greater  than  10' 3  inches,  or  the  speed  of  the  launch  at  the 
moment  these  revolutions  were  taken  must  have  been  less  than 
4(  knots ;  very  probably  the  latter,  as  the  trials  were  made  in  the 
River  Thames  where  the  speed  could  easily  drop  without  being, 
noticed.  To  create  the  various  percentages  of  slip,  the  model  screw 
necessarily  required  to  run  at  a  higher  speed  than  the  speed  of  the 
boat,  and  consequently  the  power  required  to  be  mcreased  as  the 
slip  was  increased.  At  500  revolutions  of  the  model  screw  the  slip 
was  9*5  per  cent.,  and  the  thrust  was  1*75  lbs.,  as  nearly  as  could 
be  measured  on  the  diagram,  while  the  power  expended  was  about 
1,200  foot  lbs.  per  minute.  At  600  revolutions  the  slip  was  about 
17'3  per  cent,  thrust,  6-6  lbs.,  and  power  expended  4,000  foot  lbs. 
|fer  minute.  At  700  revolutions  the  slip  was  29'3  per  cent.,  the 
thrust  12  lbs.,  and  the  power  expended  7,440  foot  lbs.  The  speed 
of  the  boat  at  500  revolutions  appeared  to  have  been  3*83  knots, 
at  600  revolutions  4-2  knots,  and  at  700  revolutions  4-1  knots. 
The  thrust  here  rose  in  a  much  greater  ratio  than  the  slip,  more 
especially  as  between  that  at  500  and  600  revolutions  than 
between  600  and  700  revolutions,  the  power  expended  also  rising 
in  a  much  greater  ratio  between  the  500  and  600  revolutions  than 
between  600  and  700  revolutions.  The  curve  of  useful  work  in 
these  diagrams  was  illegitimately  made  up  by  multiplying  the 
dpeed  of  the  launch  by  the  thrust  of  the  model  screw,  that 
was,  the  thrust  of  the  model  screw  was  credited  with  the 
dpeed  given  to  the  launch  by  the  launches  independent  engine. 
Further,  the  efficiency  curve  was  obtained  from  the  useful 
work  divided  by   the  power  expended.       Fig.   22  was  a  copy 
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of  Mr  Barnaby's  diagram  showing  the  curves  of  thrust,  useful 
work,  power  expended,  and  efficiency,  with  varying  revolutions. 
He  understood   Mr   Fronde's  slips    and  thrusts   were   obtained 
in  the  same  manner  as  those  of  Mr  Barnaby,  but  instead  of  usin^ 
a  launch  to  carry  his  model  screws,  these  were  carried  on  a  truck 
running  on  rails  over  a  tank,  where  the  speed  of  the  truck  would 
be  accurately  calculated,  and  also  the  percentages  of  slip.     Tlie 
truck    and    model    screws    were    also   independently  driven   by 
separate  engines,  and  the  results  calculated  on  the  same  lines 
as  those  employed  by  Mr  Barnaby,  including  that  of  the  curves 
of  thrust,  power  expended,  useful  work,  and  efficiency.     If  he  was 
correct  in  supposing  that  Mr  Fronde's  data  were  obtained  similarly 
to  those  of  Mr  Barnaby,  he  must  say  that  the  process  was  entirely 
different  from  that  of  a  screw  propelling  a  ship,  and  that  any 
deductions  from  these  experiments  appUed  to  the  case  of  a  pro- 
peller working  with  a  slip  in  a  steamship  woidd  be  entirely  mis- 
leading.    In  a  steamship  where  large  slip  was  being  made,  the 
engines  were  generally  working  at  a  less  power  than  when  small 
slip  was  made,  and  with  fewer  revolutions.     In  those  model  ex- 
periments even  moderate  slip  could  not  be  made  at  all  without 
increasing  both  power  and  revolutions  largely.     In  a  steamship 
with  engines  at  the  same  revolutions  as  when  a  small  slip  was 
being  made,  the  slip  might  be  trebled  or  more  than  trebled  with- 
out any  increase  of  power  being  used,  or  even  with  a  less  power. 
This  depended  very  much  on  the  form  of  the  blades,  but,  at  all 
events,  more  or  less  slip  was  not  dependent,  as  in  the  model  screw 
trials,  on  more  or  less  power  and  revolutions  of  the  engines.     Mr 
Fronde's  model  experiments  were  quite  inapplicable  to  the  case 
of  ship  propelling,  as  these  artificial  slips,  as  they  might  be  called, 
of  the  model  screws  were  entirely  different  from  the  natural  slips 
occurring  in  propelling.    In  the  latter  no  increase  of  power  or 
revolutions  was  required  to  make  slip,  while  in  the  former  an 
appreciable  slip  could  only  be  made  by  a  large  increase  of  power 
and  revolutions.      Mr  Fronde's  endeavour  in  his  criticism  of  his 
(Mr  Howden's)  1890  paper  to  prove  that  a  trebled  slip  produced  a 
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trebled  thrust  had  eyidently  arisen  from   his  being   misled     by 
taking  the  results  of  model  experiments  as  being  applicable  to  ordi- 
nary screw  propelling  in  a  ship.     Arguments  could  be  multiplied, 
to  show  that  there  was  no  legitimate  connection  between  these 
experiments  and   ship  propelling,   but  he  thought  enough  liad 
already  been  said  to  prove  this  fact.     It  would  be  seen  that   be 
was  correct  in  what  he  said,  in  criticising  Dr.  Caird*s  paper  on 
"Propeller  Diagrams,"  that  the  efficiency  curves  given  in  tbat 
paper,  made  up  on  Mr  Froude's  5th  proposition,  were  entirely 
misleading,  being  based  on  ideas  having  no  foundation  in  fact. 
A  screw  of  the  highest  efficiency  was  one  that  in  any  given  case 
gave  the  highest  speed  to  the  vessel  it  propelled  with  the  least 
expenditure  of  power.      Mr  Froude's  highest  efficiency  was,   he 
might  say,  obtained  on  almost  the  opposite  conditions,  the  expen- 
diture   of   power   in    obtaining   the   so-called   efficiency   having 
apparently    been    forgotten.       Sixthly,    That    he    neglected    or 
controverted  Newton's  three  laws  of  motion.     This  was  rather 
an  amusing  charge.     In  his  investigation  of  the  propeller  he  did 
not  trouble  himself  about  these  laws  of  motion.      What  he  was 
concerned  about  was  establishing  the  actual  facts  connected  with 
the  action  of  the  screw  propeller  under  any  given  conditions  of 
working.     This,  he  believed,  he  had  accomplished.     If  so,  then  he 
was  quite  sure  that  Newton's  laws  would  be  satisfied.      They 
always  supported  facts.     Having  now  noticed  the  principal  points 
of  his  paper  criticised  by  those  who  had  taken  part  in  the  discus- 
sion, he  might  now  refer  shortly  to  the  individual  character  of 
their  remarks.     Beginning  with  his  friend,  Dr.  Gaird,  he  might 
confess  that  before  hearing  his  remarks,   he  felt  considerable 
curiosity  as  to  the  manner  in  which  he  would  treat  his  demon- 
stration of  the  real  action  of  the  propeller  and  the  erroneousness 
of  the  Eankine  and  analogous  theories,  which  demonstrations  he 
80  emphatically  asserted  had  been  absolutely  refuted  in  all  the 
discussions  which  followed  the  reading  of  his  former  papers.     Of 
course  he  naturally  hoped  that  Dr.  Caird  would  do  what  waa 
right  by  acknowledging  his  mistake  and  making  an  apology,  both 
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on  his  own  account  and  in  the  interests  of  truth  and  justice. 
Eemembering,  however,  the  astonishingly  uninformed  condition 
of  most  audiences  on  this  subject,  he  feared  that  Dr.  Caird  would, 
instead  of  doing  what  he  ought  to  do,  evade  the  issue,  and  back 
oat  of  it  by  some  stratagem.  He  knew  if  Dr.  Caird  attempted  a 
straightforward  frontal  attack  by  counter  geometrical  and  quanti- 
tative demonstrations,  the  result  would  be  an  open  defeat,  as  his 
weapons  would  prove  his  own  destruction.  If  again  he  attacked 
from  behind  his  allies  or  champions,  using  them  as  a  screen,  those 
who,  he  had  asserted,  had  in  the  discussions  of  his  former  papers 
utterly  destroyed  his  (Mr  Howden 's)  demonstrations,  he  knew  he 
would  also  fail.  These  champions,  as  he  had  shown  in  this  paper, 
instead  of  being  victorious,  merely  showed  their  own  misunder- 
standing of  the  subject  and  their  failure  to  deal  with  his  demon  - 
strations.  The  tactics  which  he  feared  Dr.  Caird  would  resort 
to  had  actually  been  followed.  Dr.  Caurd  had  entirely  refrained 
from  approaching  the  questions  at  issue.  His  direct  challenge 
Dr.  Caird  left  wholly  unanswered.  The  real  matters  under  dis- 
cussion were  left  unnoticed.  Instead  of  occupying  himself  with 
arguments  on  vital  points,  Dr.  Caird  began  a  specious  narrative, 
effusively  candid  in  appearance,  and  went  round  the  outskirts  of 
these  issues  as  if  busy  with  them,  but  never  approached  them. 
After  thus  raising  a  veritable  cloud  of  words  he  eventually  rode 
off  under  cover  of  this  cloud  as  if  he  had  again  "  completely 
and  conclusively  refuted  "  all  his  (Mr  Howden's)  demonstrations 
by  merely  repeating  his  original  statement  to  this  effect.  If  such 
methods  of  conducting  arguments  on  controverted  points  on 
mechanical  subjects  were  believed  to  be  fair  or  admissible  by  those 
who  employed  them,  they  must  either  hold  the  reasoning  capacity 
of  their  readers  or  audience  very  cheaply,  or  have  themselves  a 
very  inadequate  idea  of  what  was  due  to  opponents  in  the  conduct 
of  such  arguments.  It  might  be  of  interest  to  notice  some  special 
features  in  the  manner  and  matter  of  Dr.  Caird's  treatment  of  big 
(Mr  Howden's)  demonstrations  now,  compared  with  his  tremendous 
attack  of  1896.     Dr.  Cairi  was  now  extremely  mild  and  apologetic. 
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und,  while  endeavouring  to  maintain  his  original  position,  this  ^ras 
diplomatically  kept  in  the  background,  and  not  openly  asserted. 
Dr.  Caird  also  spoke  in  a  fine  spirit  of  humility  of  his  own  1895 
paper  on  <<  Propeller  Diagrams/'  as  being  a  mere  nothing  to  raise 
all  this  trouble  about,  ''a  mere  step  in  the  evolution  of  the  analysis^ 
of  the  action  of  screw  propellers,"  and  ignored  his  own  intzo* 
duction  to  that  paper  as  follows : — **  Mr  B.  E.  Froude's  1886  paper, 
read  before  the  Institution  of  Naval  Architects,  marked  an  epoch 
in  the  investigation  of  the  properties  and  behaviour  of  the  screiw^ 
propeller,"  after  which  he  quoted  the  ''fundamental  propositions  '* 
laid  down  by  Mr  Froude  in  this  paper,  culminating  in  the  famous^ 
5th  proposition  which  Dr.  Caird  found  so  effective  as  to  be  beyond 
praise,  but  which  he  (Mr  Howden)  unfortxmately,  after  examina- 
tion, could  not  find  that  it  in  any  manner  solved  any  material 
question  regarding  the  propeller's  action.      It  must  also  be  re- 
membered here  that  the  title  of  this  1886  paper  of  Mr  Fronde's 
was  '*  The  Determination  of  the  Most  Suitable  Dimensions  of 
Screw  Propellers,"  an  object  of  the  most  important  character  con- 
nected with  the  propeller.     It  was  remarkable  that  Dr,  Caird's 
tactics  should   now   lead  him  to  so   belittle  his  own,  and  his 
champion's  paper.     This  was  consistently  carried  out  to  the  fullest 
extent,    as  Dr.   Caird    now    meekly  declined    to    defend   those 
champions  who,  he  formerly  affirmed,  had  entirely  demolished  his 
(Mr  Howden's)  papers.     Dr.  Caird,  for  example,  had  not  a  word 
now  to  say  in  support  of  Dr.  Inglis's  wonderful  column  of  indefiniie 
length  to  which  the  screw  added  pieces  of  25  feet  each  revolution, 
but  which  he  held  could  be  easily  measured  and  weighed,  or  that 
other  still  more  wonderful  column  of  this  same  champion  made 
up  of  films  an  inch  or  more  thick  each  revolution,  until  a  full 
column   was   made   up;    nor  did  he  even  defend   Mr  Froude's 
wonderful  propellers  which  required  a  trebled  power  to  force 
them  to  make  a  trebled  slip.     Even  Dr.  Caird's  former  accusa- 
tions  against  him  of  "gross  and  palpable  blunder,"  and  other 
improprieties   in    his    criticism   of    the    "Propeller    Diagrams" 
paper,   which  he   had    shown    to  be  quite  a   mistaken   charge^ 
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were  now  conveniently  forgotten.  Dr.  Caird  continued  hia 
renaarks  in  the  same  mild  strain  regarding  the  Author's 
geometry,  which,  though  he  still  held  it  refuted  by  Mr  Froude,. 
yet  considered  it  faultless  so  far  as  it  went.  The  Author  had 
already  dealt  with  this  point  as  well  as  the  impossibility  of  hi» 
methods,  if  carried  further,  yielding,  as  Dr.  Caird  thought,  results 
identical  with  Bankine  and  Froude.  He  had  further  also  showed 
good  reasons  for  standing  alone  against  all  the  reputed  leading 
authorities  on  the  hydrodynamics  of  the  propeller's  action,  and 
did  not,  therefore,  require  to  say  more  on  this  subject.  He  only 
stopped  one  moment  to  notice  Dr.  Caird's  figures  given  in  illustra- 
tion of  the  applicability  of  Mr  Froude's  curves  to  the  case  of  the 
two  screws  in  the  same  ship  which  he  gave  ten  years  ago,  in 
disproof  of  Mr  Froude's  5th  proposition  being  a  guide  in  deter- 
mining the  most  suitable  dimensions  of  propellers  for  steamships. 
Dr.  Caird  here  showed  how  he  would  apply  Mr  Froude's  curves- 
to  the  case  mentioned  so  as  to  produce  screws  on  these  diameters- 
which  would  give  the  highest  efficiency.  The  particulars  were  as^ 
follows : — 


Diameter. 

Pitch  nUo. 

Bevolntioiu. 

Slip  ratio. 

Efficiency. 

12'  0' 

1-1 

94 

20% 

1-000 

vy  0" 

11 

124 

26% 

•976 

10'  0' 

1-6 

94 

33% 

•940 

It  should  be  remembered  that  the  two  screws  mentioned  by  the 
Author,  which  were  applied  to  the  same  ship,  gave  equal  speed 
with  the  same  power  and  revolutions  of  engines,  the  pitches  being 
alike  and  the  surface  of  blades  nearly  alike,  though  differently 
disposed.  The  revolutions  of  the  engines  were  under  70,  and  the 
slip  from  5  to  10  per  cent,  according  to  weather,  loading,  etc. 
According  to  Dr.  Caird,  Mr  Froude  would  have  wanted  a  slip  ratio 
of  not  less  than  20  per  cent,  for  the  12  feet  screw,  the  pitch  ratio 
being  1-1;  highest  efficiency  being  attained  with  94  revolutions. 
For  the  10  feet  screw,  with  a  slip  ratio  of  26  per  cent.,  pitch  ratio 
also  11,  and  124  revolutions  per  minute,  the  efficiency  was  2|  per 
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cent,  less  than  that  of  the  12  feet  screw.    An  alternative  was  given 
for  the  10  feet  screw  with  a  slip  ratio  of  33  per  cent.,  the  pitch 
ratio  heing  1  6  and  the  revolutions  94,  the  efficiency  in  this  case 
heing  reduced  hy  9  per  cent,  from  that  of  the  12  feet  screw.     A 
more  complete  condemnation  of  Mr  Fronde's  formula  could  not 
have  been  given  than  was  given  by  these  figures  of  Dr,  Caird. 
The  revolutions,  to  begin  with,  would  have  been  entirely  unsuitable 
for  the  engines,  if  not  impossible,  while  the  power  necessary  to 
give  the  speed  at  these  revolutions  with  such  great  percentages  of 
slip  would  probably  have  been  at  least  20  per  cent,  more  for  the 
12  feet  screw,  and  30  per  cent,  for  either  of  the  10  feet  screws.     As 
he  had  said  before,  Mr  Fronde's  efficiency  was  not  concerned  with 
the  power  expended,  and  the  waste  by  slip  was  entirely  ignored. 
In  conclusion,  he  regretted  to  find  that  Dr.  Gaird,  without  bringing 
forward  one  proof,  or  one  tangible  argument,  in  support  of  his 
assertion  that  the  Author's  papers  on  the  screw  propeller  were 
completely  and  conclusively  refuted   in  the  discussions   which 
followed  their  reading,  should  consider  it  justifiable  to  reiterate 
that  he  still  considered  Mr  Fronde's  remarks  in  the  discussion  of 
his  1890  paper  "  a  conclusive  refutation  of  the  arguments  advanced 
by  Mr  Howden  in  that  paper."     The  remarks  of  Mr  E.  E.  Froude 
were,  he  regretted  to  say,  of  a  character  which  did  not  do  justice 
either  to  his  personal  or  inherited  reputation.     Mr  Froude  tried  to 
belittle  his  work  on  the  screw  propeller  as  something  of  no  moment 
whatever,  and  considered  his  propositions  were  merely  of  an  ele- 
mentary character,  and  already  premised  by  those  investigators 
whose  work  he  denounced.     Nor  did  he  appear  to  Mr  Froude  to 
have  got  beyond  the  A  B  C   of  the  subject,  who  questioned  if 
he  had  ever  attained  the  B  C.      He  also  appeared  to  Mr  Froude 
to  lack  the  knowledge  of  the  science  of  hydrodynamics,  and  until 
he  proved  he  possessed  such  knowledge  Mr  Froude  would  consider 
it  a  waste  of  time  to  concern  himself  with  his  criticisms.      The 
character  and  spirit  of  such  remarks  placed  them  outside  the 
pale  of  ordinary  treatment.      They  had  evidently  been  written 
under  the  influence  of  some  feeling.    It  would  give  him  all  the  more 
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regret  if  his  probably  rough  banter  over  Mr  Froude's  master- 
ful screws  had  led  to  any  irritation.      He  had  no  thought,  and 
certainly  no  intention  of  giving  oflFence,  and  regretted  if  he  had 
unfortunately  done  so.     His  old  friend  and  former  antagonist  on 
this  subject,  Dr.  Inglis,  had  sent  a  characteristic  communication, 
but  not,  he  thought,  in  his  happiest  manner.     Dr.  Inglis  had,  he 
found,  now  retired  from  the  contest,  feeling  doubtless  in  this  case 
that  ''discretion  is  the  better  part  of  valour,"  and  had  taken 
shelter  behind  "Eankine,  Froude,  Bamaby,  and  others."      Dr. 
Inglis'  memory  must  have  failed  him  in  saying,  regarding  his 
paper  of  1878,  that  he  had  offered  a  few  remarks  on  it  at  his 
request,  as,  previous  to  his  taking  part  in  the  discussion  of  that 
paper,  he  (Mr  Bowden)  had  had  no  communication  whatever  with 
him  on  the  subject.     He  remembered,  however,  having  sent  him  a 
corrected  copy  of  that  paper,  which  he  got  printed  and  sent  to  some 
of  the  Members  of  the  Institution  after  the  Transactions  had  been 
published,  it  having  been,  by  mistake,  printed  there  without  some 
corrections  he  had  previously  made.     The  true  theory  of  the  screw 
propeller  was  not  yet  buried,  as  Dr.  Inglis  supposed,  it  was  just 
beginning  to  come  to  fuller  life.     The  remarks  of  Prof.  Kobertson 
were  altogether  so  much  out  of  line  with  all  his  views  of  the  pro- 
peller's action  that  the  time  and  space  at  his  disposal  did  not 
permit  of  noticing  them  individually.      He  would  only  ask  Prof. 
Bobertson  to  do  him  the  honour  of  reading  his  paper  and  studying 
bis  demonstrations  and  diagrams  vnthout  bias,  if  possible,  as  he  was 
sure  this  would  correct  most  of  his  opinions.  Prof.  Robertson  would 
find  that  the  water,  and  nothing  else,  was  the  nut  in  which  the  screw 
worked,  that  the  water  did  not  rotate  with  the  screw,  that  the 
blade  did  not  suddenly  strike  the  water,  or  that  the  water — like  a 
pugilist — in  return  struck  back  a  blow  on  the  blade.     The  blade 
was  immersed  in  the  water,  and  if  a  proper  screw  were  used  the 
two  worked  in  harmony  and  quietness.     Prof.  Robertson's  pro- 
posal, to  test  the  action  of  the  propeller  by  placing  circular  discs 
fore  and  aft  of  it  so  as  to  prevent  longitudinal  motion  of  the  water, 
and  then  to  remove  them  suddenly  when  full  speed  was  obtained, 

18 
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had  this  fatal  objection,  it  could  not  be  carried  out  because  the 
vessel  would  never  attain  any  speed  under  these  conditions,  as  the 
screw  would  by  them  be  prevented  from  screwing.     On  the  other 
hand,  the  thin  metal  cylinder  shrouding  the  periphery  of  the  blades 
«o  as  to  prevent  the  radial  action  which  Prof.  Eobertson  supposed 
to  be  the  principal  action  of  the  screw,  would  scarcely  interfere 
ivith  its  efficiency  instead  of  destroying  it  altogether,  as  Prof. 
Eobertson  thought  it  would.     Prof.  Eobertson  admitted  he  was 
hut  an  outsider  in  shipbuilding  matters,  which  indeed  was  evident. 
He  hoped,  however,  a  further  study  of  his  paper  would  lead  him 
to  change  most  of  his  present  beliefs  regarding  the  action  of  the 
screw  propeller.     Prof.  Jamieson  considered  he  ran  counter  to 
Newton's  law^s,  but  as  this  evidently  arose  from  his  neglecting  to 
take  the  friction  of  the  blades  into  account,  he  had  no  doubt  that 
V7hen  he  informed  Prof.  Jamieson  that  he  had,  as  stated  in  this 
and  all  his  other  papers,   purposely  eliminated  friction.  Prof. 
Jamieson    would    exonerate    him    from    any    antagonism    with 
Newton's  laws  of   motion.      He  believed  also  Prof.  Jamieson 
-would,  for  the  same  reason,  admit  the  correctness  of  his  pro- 
positions 2,  5,  and  6,     Prof.  Jamieson,  in  referring  to  the  Eankine 

theory  and  the  application  of  the  formula  — -^  undertook  to  show 

no  less  than  *< three  distinct  mistakes"  in  this  application;  but 
Prof.  Jamieson,  in  so  proposing,  could  not  have  read  his  paper 
very  carefully,  as  he  was  not  at  all  responsible  for  the  application  of 
this  formula  to  the  Eankine  column.    It  was  all  the  other  way. 

Wv 

He  quite  objected  to  the  formula  —  being  used  st  all.     It  was 

Prof,  Eankine's  own  formula,  as  applied  by  himself  in  illustrating 
his  theory,  and  he  merely  showed  how  condemnatory  it  worked  out 
for  his  theory  when  applied  to  different  percentages  of  slip  in  the 
same  steamship.  Prof.  Jamieson's  attack  on  the  formula  of  the 
Eankine  theory  was,  therefore,  all  thrown  away  on  him,  as  it  was 
not  his  formula  but  Prof.  Eankine's.  He  ventured  to  suggest, 
however,  that  Prof.  Eankine  was  not  so  ignorant  of  Newton's  laws 
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.as  Prof.  Jamieson's  criticism  of  this  formula  seemed  to  imply. 
The  remarks  of  Mr  James  Hamilton  bore  so  much  on  matters 
•concerning  the  action  of  the  propeller,  which  he  had  already  fully 
explained  in  reply  to  similar  criticisms  that  he  need  not  again 
refer  to  them.  Mr  Hamilton  would  find  he  had  fully  shown  that 
the  difference  between  Prof.  Eankine's  theory  and  his  (Mr 
Howden's)  was  radical  and  complete  instead  of  being  very  much 
alike.  Mr  Hamilton  was  necessarily  quite  wrong  in  supposing 
that  the  screw  blades  in  the  Allan  Line  turbine  steamers  cut  up 
the  whole  water  spaces  between  the  blades  ^'  so  that  he  would  be 
forced  to  admit  that  the  whole  column  was  moved  astern."  He 
did  not  admit  that  any  column  of  water  whatever  was  moved 
astern,  as  there  was  no  column  to  move.  Nor  did  he  admit  that 
the  water  spaces  between  the  blades  were  entirely  cut  up.  Such 
ideas  could  only  arise  from  entirely  neglecting  the  geometry  of  the 
screw's  action.  If  the  water  were  entirely  cut  up  by  the  screw 
blades  working  so  closely  to  each  other,  the  ship  would  necessarily 
have  no  speed.  The  water  was  only  moved  equal  to  the  slip  of 
the  revolution  divided  by  the  breadth  of  the  blade,  as  he  had 
explained,  and  it  would  be  found  to  be  a  comparatively  small 
amount  unless  the  screws  were  working  with  excessive  slip,  which 
lie  had  no  reason  to  suppose  was  the  case.  Mr  Hamilton  made  a 
very  extraordinary  statement  in  saying  that  *'  Dr.  Froude,  a  year 
after  he  (Mr  Howden)  read  his  paper  in  1877,  practically  covered 
the  whole  of  his  seven  propositions."  It  would  have  been  flatter- 
ing to  him  if  Dr.  Froude  had  done  so,  but  nothing  could  be  further 
from  the  actual  facts  than  this  statement.  Dr,  Froude's  ideas 
on  the  subject  were  entirely  opposed  to  his,  as  were  shown  by  the 
conclusions  arrived  at.  It  was  unnecessary  to  say  more  on  this 
point,  as  anyone  could  ascertain  its  correctness  by  reading  Dr. 
Froude's  paper  of  1878  and  his  (Mr  Howden's)  papers  of  1877 
and  1878.  He  had  reserved  Mr  Luke's  remarks  for  special  notice, 
they  being  of  a  somewhat  special  character.  Mr  Luke  began  by 
telling  how  that  Dr.  Caird's  remarks  had  cut  the  ground  from 
under  his  feet,  so  thoroughly  did  he  concur  in  Dr.  Caird's  views 


276  THE    SCREW   PROPELLER   CONTROVERSY 

Mr  James  Howdcn. 

regarding  his  paper.     Mr  Luke  then  went  on  to  explain  why  he^ 
as  a  young  man,  took  part  in  the  discussion,  and  how  at  the  pre- 
vious meeting  he  was  prepared  to  listen  with  sympathy  to  his 
paper,  but  unfortunately  found  it  of  a  character  that  very  unfavour- 
ably impressed  him  when  hearing  it  read,  an  impression  that  was^ 
intensified   on   carefully  reading  it  over  afterwards.      Mr  Lnke 
went  on  to  explain  that  what  had  roused  him  so  powerfully,  were 
his  (Mr  Howden's)  remarks  on  page  176,  and  also  the  quotation, 
"  that,  though  at  the  discussion  of  my  1890  paper,  mathematiciana 
of  the  highest  rank,  whose  theories  I  had  controverted,  took  part, 
not  one  challenged  my  geometrical  and  other  demonstrations^ 
either  of  the  true  action  of  the  screw  or  of  the  erroneousness  of 
the  theories  of  Rankine,  Froude,  and  others,"  which  remarks  and 
quotation  Mr  Luke  said,  ''  could  not  be  described  as  an3rthing'  else 
than  disingenuous."      Further,  Mr  Luke  continued,  **  he  hoped 
that  Members  would  refer  to  that  discussion  and  see  for  them- 
selves exactly  what  was  said,  and  they  would  find  Mr  Howden's 
remarks  conveyed  a  false  impression."     Mr  Luke  went  on  to  tell 
that  Mr  Froude  completely  controverted  him  in  that  discussion^ 
Mr  McFarlane  Gray  was  crowded  out  for  want  of  time,  Prof. 
Greenhill  made  a  few  complimentary  remarks,  etc.     In  reply  to 
all  this,  he  would  merely  repeat  what  he  had  said  in  his  paper 
and  call  attention  to  the  fact  that,  all  those  whose  views  he  had 
controverted  had  advance  copies  of  his  paper  sent  them  at  least 
a  week  before  it  was  read,  so  that  they  might  be  prepared  to  take 
part  in   the  discussion.      Mr  Froude,  Prof.  Greenhill,  and  Mr 
McFarlane  Gray,  had  full  time  at  their  disposal  for  making  what- 
ever remarks  they  bad  prepared.     He  was,  in  fact,  the  only  one 
**  crowded  out."     Mr  McFarlane  Gray  said  much  more  than  was 
reported  in  the  Transactions,  but  as  much  was  of  an  irrelevant 
character  he  (Mr  McFarlane  Gray)  evidently  thought  it  better  to 
leave  it  out.      As  he  had  taken  the  opportunity  of  printing,  by 
permission  of  the  Institution  of  Naval  Architects,  a  full  copy  of  the 
discussion  of  his  1890  paper,  and  had  sent  copies  to  the  Secretary 
for  distribution  among  the  Members,  it  would  be  seen  by  all  who 
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-read  it  how  far  Mr  Luke  was  correct  or  otherwise  in  charging  him 
-with  having  given  a  false  impression  of  that  discussion.  Mr  Luke 
continued  by  asserting  his  (Mr  Howden's)  ignorance  of  the  laws  of 
XDOtion,  and  of,  in  short,  everything  regarding  the  proper  under- 
-standing  of  the  screw,  and  that  his  paper  was  a  mere  mass  of 
dogmatic  assertions  based  on  general  ignorance.  So  much  was 
Mr  Luke  impressed  with  the  extreme  worthlessness  of  his  paper 
that,  he  could  not  conceive  how  any  scientific  institution  could 
accept  such  a  paper  consisting  only  of  ideas  which  were  exploded 
€ome  fifteen  or  sixteen  years  ago,  if  not  before,  a  paper  which 
iwould  injure  the  Institution  by  being  published  in  its  Transactions. 
Possessing  the  common  feelings  of  human  nature,  he  confessed 
that  such  extraordinary  personal  denunciation  in  a  meeting 
of  this  Institution  was  what  he  was  quite  unprepared  for. 
In  discussions  at  such  meetings,  more  especially  where  scientific 
subjects  were  treated,  even  when  much  difiference  of  opinion 
existed,  one  at  least  looked  for  courtesy  not  being  entirely  absent. 
When  a  striking  departure  from  the  usual  amenities  unexpectedly 
occurred,  it  was  difl&cult  for  one  to  quickly  adjust  one's  mind  to 
the  new  and  unpleasant  situation.  While  Mr  Luke  was  sum- 
ming up  the  enormity  of  his  offences,  he  (Mr  Howden)  seemed 
to  lose  his  identity,  and  be  no  longer  in  the  Institution  in  which 
in  his  youth  he  spent  many  a  profitable  and  happy  hour,  but  was 
now  some  other  person  in  a  Court  of  Justice  under  trial  for  some 
heinous  offence,  with  a  public  prosecutor,  zealous  for  the  interests 
of  the  community,  vehemently  enumerating  the  crimes  of  the 
accused.  The  denunciation  of  the  Committee  on  Papers  must 
have  partially  recalled  him  to  his  senses,  as  he  then  felt  that 
nothing  less  than  expulsion  from  the  Institution  would  expiate  the 
enormity  of  his  offences.  It  was  difficult  for  him  to  understand 
why  his  paper  had  caused  Mr  Luke  to  make  such  condemnatory 
remarks ;  but,  perhaps  his  early  training  had  led  him  to  consider 
that  his  (Mr  Howden's)  reference  to  the  writings  and  formulae  of 
certain  writers  on  the  Screw  Propeller  (who  were  doubtless 
regarded  by  Mr  Luke  as  the  highest  authorities  on  the  subject)  as 
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being  "  founded  on  erroneous  assumptions  and  without  any  scien- 
tific  basis/'  was  outrageous.    If  such  were  the  case,  it  would  not- 
matter  to  Mr  Luke  whether  he  gave  an  unassailable  geometrical 
proof  of  the  correctness  of  his  statements  or  not ;  no  geometry  or 
argument  would  convince  him,  or  those  equally  prejudiced,  that 
he  could  be  anything  else  than  wrong.      He  was,  therefore,   not 
long  in  regarding  Mr  Luke's  criticism  with  absolute  equanimity 
of  mind.      There  was,  he  granted,  a  certain  virtue  attached   to 
bUnd  devotion  to  authority,  but  he  ventured  to  submit  that  geome-- 
trical  and  mechanical  questions  could  not  be  solved  by  simple 
denunciations.    He  hoped,  however,  that  Mr  Luke  would  yet  apply 
his  evident  abilities  to  an  unprejudiced  study  of  his  paper,  which,  if 
he  did,  he  guaranteed  he  would  come  to  conclusions  regarding  it 
quite  the  reverse  of  those  he  lately  so  forcibly  expressed.      The 
only  other  Member  who  took  part  in  the  discussion  of  Febniar3^ 
last,  who  remained  to  be  noticed,  was  Mr  E.  Hall-Brown,  who,  after 
putting  himself  in  line  with  the  other  speakers  by  stating  that  he 
absolutely    disagreed    with    his    theories    (keeping    like    others 
the  cause  and  nature  of  these  disagreements  carefully  concealed), 
as  Convener  of  the  Committee  on  Papers,  offered  a  somewhat  faint 
protest  against  Mr  Luke's  censure  of  the  Committee  for  allowing 
his  paper  to  be  read.     He  excused  the  forbearance  of  the  Com- 
mittee on  the  ground  of  his  long  connection  with  the  Institution, 
and  the  fact  that  his  paper  would  at  least  serve  the  purpose  of 
sending  the  young  men  of  the  Institution  back  to  the  literature  on 
the  subject  to  study  the  writings  of  Kankine,  Froude,  and  Green- 
hill,  for  themselves,  and  thereby  eventually  save  the  Institution 
from  harm.     This  idea  of  saving  the  young  men  and  the  Institu- 
tion from  being  damaged  by  his  paper  (the  older  Members,  like 
himself,  being  damage-proof),  struck  him  as  so  good  that  he,  for 
one,   felt  ready  to  assist  in  this  endeavour.      He  trusted  the 
Council  would  approve  and  accept,  even  from  so  dangerous  a  Member 
of  the  Institution  as  himself,  the  offer  he  (Mr  Howden)  now  made 
of  £50  as  a  prize  to  any  young  Member  who  would,  in  the  judg- 
ment of  two  competent  neutral  experts,  one  to  be  chosen  by  the 
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Institution  and  the  other  hy  himself,  prove  geometrically  and 
quantitatively  the  erroneousness  of  his  views  on  the  action  of  the 
propeller,  and  at  the  same  time  the  correctness  of  the  theories  of 
Bankine,  Froude,  Greenhill,  or  others  who  held  views  opposed 
to   his.       An   interesting   commmiication    from    a    Member    of 
the  Institution,   Mr  Matthey,  presently  residing  at  Kiev,  was 
sent  to  him  by  the  Secretary  while  he  was  engaged  with  the 
rephes  to  the  Members  who  took  part  in  the  discussion  on  his 
paper  in  February.     Frequent  absences  from  town  prevented  him 
from  reading  Mr  Matthey's  communication  until  he  had  completed 
these  replies.     This  communication  was  marked  by  much  ability, 
and  was  written  in  a  fair  and  scientific  spirit ;  yet,  somehow,  Mr 
Matthey  had  from  the  outset  missed  his  argument  and  mistaken 
his  demonstrations,  and  thus  having  got  upon  the  wrong  track  had 
continued  to  follow  it  throughout  the  whole  of  his  argument.    Mr 
Matthey  began  by  stating  ''that  there  was  no  difference  between 
Mr  Howden  and  Bankine  as  to  the  motion  of  the  water  in  the 
immediate  neighbourhood  of  the  propeller  blade,  though  they 
differed  in  the  deductions  they  drew  from  that  motion."      This 
remark  gave  the  key  to  the  whole  of  Mr  Matthey's  subsequent 
treatment  of  tbe  subject  and  the  mistaken  conclusions  at  which  he 
arrived.    As  he  (Mr  Howden)  had  already  used  a  large  part  of  his 
reply  in  controverting  this  mistaken  idea  that  his  view  of  the 
motion  of  tbe  water  by  the  blade  was  in  any  way  like  that  arrived 
at  by  Prof.  Bankine,  he  must  refer  Mr  Matthey  to  what  he  had 
already  written  to  show  tbat  he  (Mr  Matthey)  was  mistaken  in 
the  conclusions  quoted.      Mr  Matthey  had  given  himself  much 
trouble  in    working    out  the   motions    imparted   to    the    water 
over  the  whole  surface  of  the  blades  on  the  view  assumed  by 
Prof,  Bankine,  as  if  such  motions  actually  existed.      If  he  had 
proved    anything    by    his    demonstrations,    it    had    been    that 
no    such    motions    existed.       It,    therefore,    became    a    mere 
waste  of  time  to  make  up  such  diagrams  and  calculations   as 
Mr  Matthey  had  done  in  order  to  ascertain  the  thrust  and  i.h.p. 
of  the  propeller.    He  had  already  shown  that  the  only  agreement 
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between  Prof.  Bankine  and  himself  on  this  subject  was  that,  the 
slip  of  the  water  at  any  given  diameter  was  less  than  the  slip  of 
the  screw  per  revolution  in  the  proportion  of  DE  to  DC  in  l^g>  2 
of  his  paper.      Beyond  this  single  point  there  was  a  complete 
difference.     In  the  case  of  the  example  propeller  at  10  per  cent. 
slip,  Prof.  Rankine  added  the  whole  slip  of  the  water  per  revolu- 
tion to  an  imaginery  cylindrical  column  25  feet  long  by  20  feet 
diameter,  in  order  to  obtain  a  reaction  or  thrust  from  the  move- 
ment of  this  mass  in  one  second  and  by  one  impulse,  a  distance 
equal  to  the  total  slip  of  the  water  on  the  revolution.     On  the 
other  hand,  he  proved  that,  instead  of  this  27  inches  or  so  o£  slip 
movement  of  water  being  given  to  this  imaginery  column  of  about 
27-24  feet  in  length,  there  was  no  such  column  in  existence,  and 
that  the  movement  of  water  by  slip,  normal  to  the  face  of  the 
blade  was,  at  20  feet  diameter  of  this  propeller,  only  *82  inches, 
which  was  ascertained  by  dividing  the  length  of  the  line  D  G  of 
Pig.  2  by  the  number  of  times  the  breadth  of  the  blade  was  con- 
tained in  the  line  AD,  which,  at  the  extreme  diameter,  was  a 
thirty-seventh  part  of  DE.     Fig.  4  of  his  paper  showed  to  scale  the 
actual  movement  of  water  at  10  per  cent,  slip  with  this  screw  at 
12  feet  6  inches  diameter,  where  the  blade  was  much  broader  and 
the  distance  travelled  per  revolution  much  smaller  than  at  20  feet 
diameter.     Mr  Matthey,  in  his  calculations,  used  the  resultant  of 
the  components  of  the  tangential  and  sternward  movement  of  the 
slip  in  order  to  calculate  the  thrust  and  i.h.p.  on  Prof.  Rankine's 
lines,  and  consequently  reduced  the  extent  of  the  movement  from 
that  used  by  him,  which  was  simply  the  movement  of  the  water 
by  slip  normal  to  the  face  of  the  blade.     If  the  great  movement  of 
the  water  by  slip,  on  which  Prof.  Rankine  based  his  formula, 

actually  existed,  and  if  it  were  possible  to  make  the  formula  — 

applicable  (both  which  suppositions,  he  said,  were  incorrect),  then 
Mr  Matthey 's  mode  would  give  more  exactly  the  thrust  and  power 
for  any  individual  percentage  of  slip,  but  would  not  exhibit  more 
exactly  the  error  of  the  whole  formula,  as  proved,  when  applied 
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to  different  percentages  of  slip,  which  latter  was  the  principal 
object  he  had  in  view  in  demonstrating  the  radical  erroneousness 
of  Prof.  Rankine's  theory.     This  would  be  more  easily  under- 
stood by  pointing  out  that  Mr  Matthey  made  the  thnist  i.h.p.  by 
his  application  of  the  Bankine  formula  at  10  per  cent,  slip  as 
1,360,  while  by  his  mode  of  applying  the  formula  it  was  1,636 
LH.p.     If  calculated  in  both  modes,  say  for  5  per  cent,  slip.,  the 
I.H.P.  would  in  each  case  be  nearly  one-half  of  these  respective 
powers,  and  similarly,  if  applied  to  20  per  cent,  slip,  the  i.h.p. 
-would  be  nearly  doubled  in  both  cases.     The  point  of  his  argument 
was  to  show  the  radical  error  of  the  formula  in  being  based  on 
•erroneous  assumptions,  and  in  making  the  thrust  nearly  propor- 
tional to  the  slip,  as  he  had  before  so  fully  explained.      He  had 
not  further  time  at  his  disposal  to  take  up  every  point  Mr  Matthey 
referred  to,  but  most  of  his  questions,  he  trusted,  he  (Mr  Matthey) 
would  find  answered  in  his  reply  to  similar  points  which  emerged 
in  the  discussion.    To  these  he  added  the  following : — The  accelera- 
tion of  the  water  by  the  action  of  the  propeller,  referred  to  by 
Mr  Matthey  in  connection  with  Figs.  18  and  19,  was  actually  so 
infinitesimal  (being  thirty-seven  times  less  in  quantity  and  thirty- 
«even  times  less  in  velocity  at  the  extemity  of  the  blade  to  that 
assumed  by  Mr  Matthey  and  Prof.  Eankine),  that  it  was  imnotice- 
able,  and  was  quite   lost   among  the  other  movements.      The 
displacement  of   the  blades   much   more  than  neutralized  this 
Acceleration.     It,  therefore,  did  not  and  could  not  affect  the  water 
levels  or  currents  before  or  abaft  the  screw.     It  was  only  when 
the  slip  was  abnormally  large,  say  70  per  cent,  or  upwards,  that 
this  acceleration  could  become  a  matter  for  consideration.     In  the 
case  of  100  per  cent,  slip,  with  the  ship's  stem  tied  against  a 
quay  wall  and  the  engines  running  at  normal  speed,  the  whole 
•engine  power  would  be  employed  in  sending  the  water  astern  by 
the  screw  blades,  and  would  induce  a  large  current  from  forward 
towards  the  screw.     This  current  assisted  the  engines  in  turning 
the  screw.     The  expression,  water  passing  ••  into  and  through  the 
«crew,"  used  by  Mr  Froude  and  others  erroneously  when  the  screw 
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was  at  work  under  ordinary  percentages  of  slip,  would  thea   be- 
permissible  under  these  conditions,  as  the  screw  would  have   no 
forward  movement  in  itself.      It  would,  however,   then  be   no 
longer  acting  as  a  screw  but  as  an  immersed  wheel,  with  floats  of 
varying  obliquity,  set  angularly  to  its  axis.     Mr  Matthey  went  so 
far  as  to  calculate  the  thrust  and  i.h.p.  of  the  propeller  of  his 
paper  on  this  percentage  of  slip,  using  the  Bankine  formula     The 
result  was  that  the  formula  gave  a  thrust  and  power  that  no 
ordinary  proportions  of  thrust  block  or  engines  could  bear.      It 
would  have  been  supposed  that  this  conclusive  proof  of    the 
erroneousness  of  the  Eankine  theory  would  have  led  Mr  Matthejr 
to  discard  it,  but  it  did  not,  nor  did  he  use  proposition  6  of  hi& 
paper  to  assist  him  in  solving  his  difficulties,  but  used  BG  of 
Fig.  14  as  the  movement  of  the  water  given  by  the  blade  at  lOQ 
per  cent.  slip.     Fig.  23  showed  the  actual  slip  given  by  the  screwr 


Fig.  23. 

of  his  paper  at  100  per  cent,  at  its  extreme  diameter.  Mr  Matthey's- 
B  G  and  his  D  E  at  this  diameter  was  25*3  feet.  The  actual  move- 
ment of  the  water,  as  shown  by  his  analysis  at  this  slip  f  100  per 
cent.),  with  twenty-two  inches  as  breadth  of  blade,  was  barely 
nine  inches.  The  AB,  and  also  AD,  of  Fig.  23,  was  62'8  feet, 
and  the  number  of  times  the  breadth  of  the  blades  was  contained 
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in  AD  was  34*2;  and  25*3  feet,  or  DE  divided  by  this  number^ 
was  8-87  inches.     If  Mr  Matthey  had  studied  his  paper  sufl&oiently 
he  would  no  longer  have  felt  it  so  mysterious  that  a  screw  might- 
w^ork  at  a  slip  of  100  per  cent,  on  the  same  power  and  revolutions 
of  engines  as  when  working  at  5  per  cent,  slip,  the  thrusts  being 
equal.     With  some  forms  of  blades  and  pitch  ratios,  the  revolutions 
-would  be  less  at  100  per  cent,  slip  with  the  same  power  than  when 
at  full  speed  at  sea,  and  with  other  forms  more.      It  was  the  same 
^th  paddle  wheels,  the  revolutions  might  be  more  or  less  under 
these  percentages  of  slip.     This  was  dependent  on  the  number^ 
area,  and  immersion  of  the  paddles.     The  other  points  about  which 
Mr  Matthey  enquired  were  misunderstandings  on  his  part,  and  were 
explained  in  the  paper.     He  closed  with  a  misapprehension.     He 
(Mr  Howden)  did  attribute  the  thrust  to  the  inertia  of  the  water,, 
and  to  the  fact  that  the  reaction  was  obtained  by  the  blade  passing 
over  new  fields  of  water  so  quickly  that  no  time  was  given  to  set 
up  almost  any  motion  by  the  face  of  the  blade.     As  he  had  already 
expressed  it,  that  owing  to  the  velocity  of  the  blade,  it  ran,  as  it 
were,  over  helically  inclined  planes  of  metal,  so  little  did  the  water 
yield  to  the  instantaneous  pressure.      He  might  be  allowed  to 
express,  in  closing  this  long  argument,  the  conviction  which  he 
had  always  felt  that  if  Prof.  Bankine  and  Dr.  William  Froude  had 
been  spared  in  life  until  after  he  completed  his  paper  on  '*  The 
Eeview  of  Prof.  Bankine's  Theory,"  in  1879,  they  would  have 
been  the  first  to  acknowledge  the  correctness  of  his  demonstrations 
of  the  true  action  of  the  screw  propeller.      These  were  great 
men,  as  their  works  abundantly  showed,  men  who  had  made  those 
engaged  in  engineering  and  naval  science  and  practice  all  over  the 
world  their  debtors.     They  were  men  having  the  true  scientific 
spirit  which  recognised  truth  from  whatever  quarter  it  came.     He 
had  not  come  much  into  personal  contact  with  Prof.  Bankine, 
but  his  grand  manner,  enhanced  by  his  fine  personal  appear- 
ance, made  him,  as  he  regularly  attended  the  meetings  of  the 
Institution,   a   never   failing  object  of   admiration   to   him   (Mr 
Howden).      The  patient  and  courteous  manner  with  which  he 
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gave  explanations  of  questions,  made  by  the  most  unenlightened  of 
iihe  Members,  youn^  or  old,  was  so  admirable  to  witness  that  he 
should  never  cease  to  remember  it  with  pleasure.  Prof.  Bankine, 
besides  being  twice  President,  attended  almost  every  meeting,  and 
was  constantly  appealed  to  on  all  kinds  of  subjects,  and  never 
failed  to  respond.  He  was  the  Nestor  of  the  Institution.  Dr. 
Wm.  Froude,  he  never  met  personally,  though  he  had  indirect 
communications  with  him.  In  1878,  after  he  had  written  his 
paper  of  that  year,  he  was  invited  by  Sir  James  Wright  (then 
Chief  of  the  Admiralty  Engineering  Staff)  to  see  him  on  the 
matter  of  new  screws  for  the  *'  Iris."  He  called  to  see  him  on 
the  subject  when  in  London.  Sir  James  was  very  desirous  that  he 
should  go  to  Torquay  and  see  Dr.  Froude,  with  whom  he  had  been 
in  communication  on  the  matter.  He  was  very  desirous  to  go, 
but  some  very  pressing  business  prevented  him  from  going  at  that 
time.  The  smaller  screws  with  which  the  "  Iris  "  made  her  success- 
ful trial  were  then  far  advanced,  and  were  to  be  tried  in  a  few 
weeks  after  his  interview  with  Sir  James  Wright,  so  that  the 
making  of  further  screws  was  to  be  deferred  until  after  this 
new  trial.  As  was  well  known,  the  results  were  considered 
sufficiently  good  to  obviate  the  necessity  of  making  other  screws. 
Some  months  after  this  trial,  he  received  from  Dr.  Froude  copies 
of  his  two  last  papers  read  before  the  Institution  of  Naval  Archi- 
tects bearing  his  own  inscription,  which  were  sent  to  him  through 
the  late  Mr  William  Denny,  who,  in  forwarding  them,  explained 
that  he  did  so  at  Dr.  Froude's  request.  Very  shortly  after  this 
Dr.  Froude  sailed  for  South  Africa,  in  December,  1878,  and  with 
universal  regret  died  the  following  May  near  Capetown.  He  had 
never  ceased  to  regret  losing  the  opportunity  of  making  Dr. 
Froude's  personal  acquaintance. 

The  President  said  he  had  at  one  time  been  vain  enough  to 
think  that  there  was  no  man  in  the  British  Isles  who  knew  more 
about  screw  propulsion  than  himself;  but,  after  thirty  years' 
experience,  he  had  come  to  the  conclusion  that  he  knew  nothing 
About  screw  propulsion,  and  he  believed  that  the  man  had  yet  to 
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be  bom  who  would  be  able  to  pose  as  an  absolute  authority  on 
that  subject.  The  Members  should  feel  indebted  to  Mr  Howden 
for  the  paper  which  he  had  given,  and  he  asked  them  to  give 
Mr  Howden  a  hearty  vote  of  thanks  for  the  interesting, 
manner  in  which  the  matter  had  been  placed  before  them. 
The  vote  of  thanks  was  carried  by  acclamation. 


l^OTES  ON  SOME  COMMON  EKRORS  IN  THE  USE  OF 

ELECTRIC   MOTORS  FOR  MACHINE  DRIVING. 

By  Mr  W.  A.  Ker  (Member), 


BEE    PLATES   XV.    AND  XVI. 


Bead  20th  February,  1906. 


The  Author  has  on  so  many  occasions,  in  the  course  of  business, 
met  with  specifications  for  continuous  current  electric  motors  for 
driving  machinery,  which,  in  his  opinion,  were  by  no  means  suit- 
able for  the  purposes  in  question,  that  he  thought  a  short  paper  on 
the  subject  at  the  present  time,  when  motors  are  so  generally  used, 
might  be  of  interest. 

He  considers  that  this  is  a  peculiarly  favourable  time  for  such  a 
paper,  as,  owing  to  the  welcome  boom  in  shipbuilding  in  this 
district,  many  of  the  Members  of  this  Institution  are  doubtless 
considering  the  extension  of  their  present  equipment. 

In  all  rotating  engines  the  power  in  foot-pounds  per  minute  is 
equal  to  the  torque  in  pound-feet  x  27r  x  R.p.M. 

In  most  machines,  for  driving  which  electric  motors  are  used, 
the  power  required  varies  directly  as  the  speed,  the  torque  being 
constant,  though  in  some  machines  (as,  for  instance,  centrifugal 
pumps)  the  power  increases  in  a  much  greater  proportion.  The 
torque  of  a  motor  might  therefore  be  considered  its  most  important 
property,  and  the  Author  proposes  to  investigate  this  subject  to  a 
small  extent  for  the  ordinary  forms  of  continuous  current  motors  ; 
and  also  to  consider  which  of  these  forms  should  be  adopted  for 
driving  certain  common  types  of  machines.  The  torque  of  a  motor 
is  proportional  to  the  current  in  the  armature,  to  the  number  of 
bars  on  the  armature,  and  to  the  magnetic  flux  per  pole.     In  any 
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particular  motor,  which  is  wound  for  a  given  speed,  voltage,  and 
full  load,  whether  it  be  series,  shunt,  or  compound  wound,  there 
4ire  two  quantities  which,  at  any  other  speed  or  load,  may  be  vari- 
ables.   These  are  current  in  armature  and  flux  per  pole. 

In  what  follows  it  is  proposed  to  disregard  the  effect  of  armature 
reaction  upon  the  total  flux,  as  in  modern  motors  this  efl'ect  is 
extremely  small.  In  a  shunt  wound  motor  the  flux  is  a  constant 
quantity,  the  torque,  therefore,  varying  directly  as  the  armature 
current. 

Fig.  1  shows  the  variations  of  the  torque  with  the  current  for  a 
60  B.H.P.,  500-volt,  shunt  wound  motor,  recently  installed  in  a 
Clyde  shipbuilding  yard,  and  running  at  450  n.p.m.  at  full  load. 
The  dotted  line  In  the  same  diagram  shows  the  torque  of  the  same 
motor,  having  the  same  armature  and  brush  gear,  but  having 
series  wound  fields  to  give  the  same  speed  of  450  B,p.M.  at  the 
same  full  load. 

At  full  speed  with  full  load  the  torques  of  both  the  series  and 
shunt  wound  motors  are  the  same,  and  the  currents  are  the  same, 
as  the  efficiencies  of  both  machines  are  practically  identical.  It 
is  evident  from  inspection  that  the  torque  of  the  shunt  motor,  for 
small  currents,  is  much  larger  than  the  torque  of  the  series 
machine.  With  a  current  of  30  amperes,  it  is  just  double.  This 
is  opposed  to  the  commonly  held  opinion  that  a  series  motor  gives 
a  much  more  powerful  torque  than  a  shunt  motor,  the  usual 
argument  being  that,  as  in  a  series  motor  the  torque  varies  as 
the  square  of  the  current,  the  torque  must  be  larger.  The  users 
of  this  argument  forget  that  one  of  the  chief  components  of  the 
torque  is  the  magnetic  flux,  which  is  a  constant  quantity  in  a  shunt 
motor,  and  a  diminishing  quantity  with  decreasing  current  in  a 
series  motor.  Also,  the  statement  that,  in  a  series  motor  the 
torque  varies  as  the  square  of  the  current,  is  only  true  for  one 
particular  point  of  the  saturation  curve,  and  is  not  even  approxi- 
mately true  at  other  points.  In  fact  the  torque  varies,  as  a  rule, 
at  much  the  same  rate  as  the  current  itself  for  a  considerable 
portion  of  the  torque  curve. 
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In  speaking  of  the  torque  of  a  machine,  the  Author  refers  to  the 
external  torque  available  for  performing  work,  not  to  the  total 
torque,  which  has  also  to  overcome  the  resistance  of  the  annatiun& 
to  rotation,  owing  to  friction  of  bearings,  windage,  eddy  currents^ 
etc.,  and  with  small  armature  currents,  and  the  series  wound 
motor  therefore  running  at  a  high  speed,  these  losses  are  large. 
In  Fig.  1  the  curves  show  the  external  torque. 

Fig.  2  gives  the  saturation  curve  for  the  magnetic  circuit  of  the 
motor  in  question,  and  the  point  at  which  the  speed  at  full  load  is 
obtained  is  marked  with  a  cross.      This  curve  shows  clearly  that 
the  magnetic  flux  falls  very  far  short  of  increasing  directly  with 
the  current  in  the  upper  portion  of  the  curve.    The  origin  of  the 
wide-spread  idea  that  a  series  wound  machine  has  a  torque  vary- 
ing with  the  square  of  the  current  is,  of  course,  that  in  the  early 
days  designers,  owing  to  lack  of  suitable  materials  and  perhaps 
owing  to  lack  of  knowledge  of  the  theory  of  the  subject,  worked  at 
a  very  low  point  on  the  saturation  curve,  where  an  increase  of 
current  produces  a  large  increase  of  flux.      Fig.   3   shows  the 
saturation  curve  of  one  of  these  machines,   built  some  twenty 
years  ago,  and  the  point  at  which  full  speed  full  load  was  obtained 
is  marked  with  a  cross.     It  is  obvious  that  a  small  increase  of  the 
current  caused  a  practically  corresponding  increase  in  the  flux,  the 
torque  increasing  therefore  approximately  as  the  square  of  the 
current.     This  machine  was,  of  course,  worked  with  copper  gauze 
brushes,  which  had  to  be  moved  as  the  load  varied  to  prevent 
sparking,  on  account  of  the  armature  reaction  causing  distortion 
of  the  magnetic  field.     It  is  interesting  to  note  that  the  reactance 
voltage  of  this  machine  at  full  load  (calculated  by  Hobart's  method) 
is  as  high  as  14  volts,  caused  by  the  large  number  of  armature 
turns  per  commutator  section.     The  object  of  the  designer  in 
adopting  a  large  number  of  armature  turns  was  to  economise 
copper  on  the  field  coils. 

In  modern  machines,  owing  to  the  excellent  magnetic  properties 
of  the  cast  steel  obtainable  for  the  magnets  and  yokes,  and  to  the 
use  of  notched  core  armatures  and  small  air  gaps,  it  is  possible  to 
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^work  with  a  much  denser  field,  and  therefore  a  mnoh  larger  total 
flax ;  the  numher  of  armature  turns  per  commutator  section  being 
reduced,  and  carbon  brushes  with  fixed  position  at  all  loads 
eiaployed. 

Fig.  1  also  shows  the  torque  curve  of  the  same  60  h.p.  motor 
i^ound  as  a  compound  machinei  having  the  series  excitation  at 
full  load  equal  to  about  20  per  cent,  of  the  total  excitation,  and 
the  series  coils  assisting  the  shunt. 

A  true  compound  motor  has  the  series  coils  opposing  the  shunt 
coils,  so  as  to  obtain  a  practically  constant  speed  (neglecting  any  vari- 
ation of  speed  due  to  the  alteration  of  temperature  of  the  machine) 
at  any  load;  but  the  applications  of  this  type  of  winding  are  com- 
paratively few,  and  the  Author  does  not  propose  to  deal  vnth  them 
in  this  paper.  An  inspection  of  Fig.  1  shows  that  there  is  no 
valid  reason  for  the  adoption  of  a  series  wound  motor,  in  order  to 
obtain  a  large  torque,  at  all  events  up  to  the  full  load  of  the  motor; 
and  a  shunt  motor  is  more  suitable  for  that  purpose,  even  the  com- 
pound motor  being  inferior  to  the  shunt  motor.  Above  full  load, 
however,  the  series  and  compound  motors  have  the  advantage,  but 
not  to  a  great  extent,  until  a  large  overload  is  reached. 

Fig.  4  shows  the  speeds  of  the  motor  with  the  three  types  of 
winding.  It  will  be  observed  that  the  shunt  motor  runs  at 
an  approximately  constant  speed  with  any  load  up  to  nearly 
50  per  cent,  overload,  and  that  the  compound  motor  varies 
to  a  moderate  extent  with  the  load.  This  effect  can  be  greatly 
iDcreased  by  increasing  the  proportion  of  series  excitation  to 
shunt  excitation  in  the  field  winding,  and  it  will  be  seen  later 
the  circumstances  in  which  this  should  be  done.  The  speed 
of  the  series  motor  varies  greatly  with  different  loads. 

Type  op  Winding  to  be  Adopted. 

The  conclusions  to  be  drawn  from  Figs.  1  and  4  as  to  the  type 

of  winding  to   be  adopted   for  any  particular  purpose,   are   as 

follows: —Motor    for    practically   constant    speed   and    constant 

torque,  though  not  necessarily  full  load  torque,  shunt  wound; 

19 
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motor  for  practically  constant  speed  and  varying  torque,  shunt 
wound ;  motor  for  approximately  constant  speed,  varying  torque, 
and  subject  to  sudden  overloads,  compound  wound;  motor  for 
varying  speed,  and  torque  var}dng  inversely  as  the  speed,  series 
wound.  Motor  for  varying  speed  and  constant  torque  should  be 
shunt  wound,  with  speed  regulation  effected  by  means  of  resistance 
switched,  either  automatically  or  by  hand,  into  the  shunt  circuit. 
Motors  of  this  type,  having  a  speed  variation  of  three  to  one,  with 
practically  no  loss  of  efficiency,  are  commonly  used;  and  the 
Author  has  had  machines  with  a  speed  variation  of  nine  to  one, 
without  a  sign  of  sparking. 

There  are  also  several  other  methods  of  obtaining  variable  speed 
constant  torque  motors,  by  means  of  multi-voltage  systems,  or 
motor  generators,  patents  for  which  have  been  taken  out  in  many 
quarters ;  but  it  is  doubtful  if  any  of  them  are  so  low  in  first  cost 
as  simple  motors  with  shunt  regulation  and  constant  voltage,  and 
certainly  in  respect  to  cost  of  repairs  and  freedom  from  breakdown, 
this  system  has  no  rival. 

The  next  point  to  be  considered,  is  regarding  motors  which  are 
required  to  give  a  large  torque  for  an  extremely  short  time  at  fre- 
quent intervals,  and  which  are  fitted  with  fly-wheels,  or  have 
fly-wheels  fitted  upon  the  machines  which  they  drive.  The 
function  which  the  fly-wheel  is  intended  to  perform  is,  of  course, 
to  give  up  a  portion  of  its  stored-up  energy  at  the  moment  of 
demand  for  power,  and  so  to  relieve  the  motor  of  abnormal 
demands  and  to  equalise  the  drain  upon  the  mains,  in  fact  to 
reduce  the  peaks  of  the  current  curve.  A  fly-wheel  stores  up 
energy  by  virtue  of  its  mass  and  velocity,  and  it  is  evident  that  it 
cannot  part  with  any  of  that  energy  unless  it  is  permitted  by  the 
motor  to  reduce  its  speed  of  rotation  as  the  demand  falls  upon  it. 

A  shunt  wound  motor,  when  a  sudden  demand  comes  upon  it, 
runs  at  almost  the  same  speed  as  before,  the  only  reduction  in 
speed  being  that  due  to  the  lost  volts  caused  by  the  resistance  of 
the  armature  and  brushes  to  the  passage  of  the  increased  current 
through  them.    In  Fig,  4,  the  shunt  motor,  with  an  increase  of 
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load  of  50  per  cent.,  runs  some  2  per  cent,  slower.  This  is  a 
trifling  reduction,  and  renders  the  fly-wheel  of  no  practical  effect, 
^he  motor  having  to  supply  nearly  all  the  additional  power  sud- 
•^enly  called  for.  A  shunt  motor  therefore  is  not  suitable  for  this 
pm-pose. 

The  Author  must  plead  guilty  to  having  supplied  many  shunt 
motors  fitted  with  fly-wheels,  having  found  it  easier  to  accept  the 
<;ustomer's  specification,  and  to  supply  fly-wheels,  than  to  make 
the  customer  understand  that  he  is  throwing  his  money  away. 

Keferring  again  to  Fig,  4,  it  will  be  seen  that  the  compound 

motor  runs  some  8  per  cent,  slower  with  an  increase  of  load  of  60 

per  cent     This  is  a  sufficient  reduction  to  permit  the  fly-wheel  to 

-do  a  reasonable  amount  of  work,  parting  with  over  16  per  cent,  of 

its  kinetic  energy.     To  determine  the  correct  proportions  of  the 

fly-wheel,  in  any  particular  case,  is  a  matter  of  some  difficulty, 

and  only  an  approximation  can  generally  be  made.     It  is  necessary 

to  know  the  permissible  reduction  of  speed  at  the  end  of  the 

demand  for  load,  the  amount  and  duration  of  that  demand,  the 

period  available  for  recuperation,  and  the  permissible  increase  of 

load  on  the  motor.      It  is  evident  that  the  motor  and  fly-wheel 

which  are  suitable  for  a  heavy  load,  applied  for  a  very  short  time  at 

very  frequent  intervals,  are  not  suitable  for  the  same  intensity  of 

load  for  a  longer  period,  with  longer  intervals.    For  example,  let 

it  be  assumed  that  the  60  h.p.  compound  motor  is  fitted  with  a 

fly-wheel,  and  is  driving  a  machine  which  ordinarily  takes  40  h.p, 

to  drive  it,  the  speed  of  the  motor  being  476  B.p.M.  normally. 

Assume  that  the  machine  requires  147  h.f.  for  ten  seconds,  with 

^ne  minute  periods,  that  is  with  ten  seconds  excess  demand  and 

fifty  seconds  recuperation.      The  excess   demand   is,  therefore, 

107  H.P.  for  ten  seconds  =  588,500  foot-pounds  of  work,  and  this 

is  to  be  done  partly  by  the  motor,  but  chiefly  by  the  fly-wheel. 

Assume  also  that  the  overload  of  the  motor  is  not  to  exceed 
^0  per  cent,  of  the  normal  full  load  of  the  motor,  in  this  case 
equal  to  a  current  of  144  amperes.  This  is  equivalent  to  a  speed 
of  motor  of  420  R.p.M.  at  the  end  of  the  demand  period.    The 
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reduction  of  speed  of  motor' and  fly-wheel  is  therefore  from  475  to 
420  R.p.M.,  or  11 '6  per  cent. 

The  horse-power  of  the  motor  at  the  end  of  the  demand  period 
is  about  90,  the  excess  therefore  being  50  h.p.  This  excess  Tari&s 
from  nothing  to  the  maximum  of  50  h.p.,  the  average  being  25  h.p. 
for  ten  seconds  =  137,600  foot-pounds  of  work.  The  work  to  be 
done  by  the  fly-wheel  is  therefore  588,500—137,500  =  451,000 
foot-pounds. 

To  determine  the  proportions  of  the  fly-wheel,  first  find  the  total 
energy  it  must  store  up.  As  its  speed  decreases  by  11*6  per  cent., 
it  will  part  with  21*8  per  cent,  of  its  kinetic  energy.      Its  total 

energy  at  475  B.p.M.  must  therefore  be  ^^^ '^.^J" ''^^  =  2,068,800 

foot-pounds.  A  cast  steel  fly-wheel,  5  feet  6  inches  in  diameter^ 
with  a  face  16  inches  wide  by  12  inches  deep,  would  have  this 
amount  of  energy,  and  as  its  peripheral  speed  is  137  feet  per 
second,  it  would  be  quite  safe.  The  work  being  done,  the  motor 
has  to  restore  the  451,000  foot-pounds  of  energy  to  the  fly-wheel 
in  fifty  seconds,  this  is  an  average  of  16*4  h.p. 

The  cycle  of  the  motor  therefore  varies  from  40  h  p.  at  the  com- 
mencement of  the  demand  to  90  h.p.  at  the  end,  and  then  during 
the  period  of  acceleration  the  power  drops  again  until  40  h.p.  is 
again  reached  at  the  moment  of  the  next  demand ;  the  average 
power  of  the  motor  being  58  h.p. 

Fig.  5  shows,  by  a  full  line,  the  current  taken  during  two  com- 
plete cycles ;  the  dotted  line  showing  the  current  that  would  be 
required  if  no  fly-wheel  were  fitted.  Though  the  total  energy  con- 
sumed is  practically  the  same  in  both  cases  (the  only  difference 
being  that  due  to  the  greater  loss  in  the  motor  due  to  the  larger 
current),  a  smaller  motor  can  be  used  if  a  fly-wheel  is  fitted,  than 
is  possible  in  the  other  case.  There  are  two  reasons  for  this : — 
Firstly,  the  sparking  difficulty  ;  the  limit  of  load  in  motors  of  this 
size  is  generally  decided  by  the  reactance  voltage  (especiallyiin  the 
case  of  high  voltage  machines,  such  as  this  one),  and  the  large 
current  required  at  the  peak  of  the  curve,  equal  to  three  times  the 
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-f  uil  load  current,  would  certainly  cause  the  reactance  voltage  to 
Treach  an  undesired  figure.  Secondly,  the  heating  difficulty  also 
^would  probably  necessitate  a  larger  machine ;.  though  the  average 
-oiorrent  would  be  the  same  in  each  case,  the  heating  effect  is  pro- 
portional to  the  mean  square  of  the  current  (not  to  the  square  of 
lilie  mean  current),  and  would  be  much  greater  in  the  machine 
^v^thout  a  fly-wheel.  Another  advantage  which  Fig,  5  cleairly 
indicates,  is  that  a  much  smaller  generating  plant  is  required  when 
.&  fly-wheel  is  fitted  on  the  motor,  the  maximum  current  being 
xibout  half  that  in  the  other  case. 

Another  example  of  the  effect  of  a  fly-wheel  may  be  of  interest, 
and  for  this  purpose  a  punching  and  shearing  machine  has  been 
i»aken.  This  machine  is  capable  of  punching  holes  one  and  a  half 
inches  in  diameter  in  plates  one  and  a  half  inches  thick,  and  of 
shearing  the  same  plates.  It  is  driven  by  means  of  a  belt  by  a 
^  H.p.  motor,  and  has  two  heavy  fly-wheels  fitted  upon  the 
machine.  Fig.  6  shows  the  horse-power  time  curves,  the  motor 
being  compound  wound  with  20  per  cent,  compounding.  It  will 
be  noted  that  one  complete  cycle  when  punching,  and  one  com- 
plete cycle  when  shearing,  are  shown  on  the  same  diagram.  The 
number  of  strokes  per  minute  is  30,  making  a  two-second  cycle. 
It  is  difficult  to  tell  the  exact  length  of  time  taken  in  punching  a 
hole,  and  as  far  as  the  Author  is  aware  no  experiments  have  been 
published.  For  the  purpose  of  calculation,  the  time  of  punching 
the  hole  was  taken  at  25  per  cent,  of  the  time  taken  by  the  punch 
to  pass  through  the  thickness  of  the  plate,  and  the  pressure  on  the 
punch  was  assumed  to  be  195  tons.  The  pressure  while  shearing 
was  assumed  to  be  165  tons,  and  the  time  taken  to  be  three- 
quarters  of  the  time  taken  by  the  blade  to  travel  a  distance  equal 
to  the  thickness  of  the  plate.  These  figures  are  affected  by  the 
angle  of  the  blade,  and  the  contour  of  the  face  of  the  punch ;  but 
they  are  believed  to  be  fair  average  values. 

It  will  be  observed  from  Fig.  6  that  the  maximum  power 
required  while  punching  is  much  higher  than  the  maximum 
jK)wer  while  shearing;  but  as  the  latter  takes  a  longer   time. 
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the  load  on  the  motor  is  much  more  severe  while  shearing- 
In  fact  the  motor  is  seriously  overloaded.  The  fly-wheels  ar& 
quite  satisfactory  while  punching,  but  might,  with  advantage,  be 
made  heavier  and  larger  in  order  to  relieve  the  motor  while  shear- 
ing. This  motor  is  of  the  variable  speed  type,  and  can  be  made 
to  run  33  per  cent,  faster.  If  this  were  done  the  kinetic  energy  of 
the  fly-wheels,  assuming  the  motor  at  the  end  of  the  shear  to  reach 
the  same  terminal  speed  as  at  present,  would  be  increased  by  140 
per  cent. 

Unfortunately  the  practice  is  to  run  the  motor  at  its  slow  speed 
when  dealing  with  heavy  plates,  for  two  reasons :  Firstly,  owing  to 
the  difficulty  in  handling  heavy  plates,  and  secoTidly,  that,  in  ship- 
yards at  all  events,  the  heavy  plates  are  generally  templet  plates, 
and  the  holes  must  be  accurately  punched,  a  high  speed  not  being 
desirable.  When  lighter  plates  are  being  handled  the  motor  isr 
speeded  up  and  the  kinetic  energy  of  the  fly-wheels  increased,, 
at  the  time  when  an  increase  is  not  necessary  for  power  purposes. 
Fig.  6  shows  clearly  to  what  a  large  extent  a  correctly  proportioned 
fly-wheel  relieves  the  motor  and  generating  plant. 

The  Author's  intention  in  dealing  at  such  length  with  the  ques- 
tion of  fly-wheels,  is  to  emphasise  the  advantage  they  possess  in 
many  cases,  and  the  uselessness  of  fitting  them  on  shunt  motors. 
Motor  manufacturers  will  admit  that  they  often  receive  enquiries 
somewhat  of  the  following  nature: — "One  ten  horse-power  shunt 
wound  motor,  for  500  volts,  900  B.p.M.,  fitted  with  a  two-feet 
fly-wheel,  earliest  possible  delivery.**  The  delightful  vagueness  of 
the  specification  of  the  fly-wheel  (the  diameter  probably  being 
fixed  by  the  customer  to  give  a  safe  peripheral  speed  for  cast  iron),, 
and  the  absence  of  any  information  as  to  the  work  the  motor  is 
to  perform,  is  somewhat  distressing  to  the  motor  manufacturer; 
but  he  knows  that  if  he  delays  quoting,  in  order  to  obtain  the 
necessary  information,  the  order  wUl  be^placed  elsewhere  before 
his  quotation  arrives.  He  therefore  quotes  at  once,  adopting  any 
fly-wheel  pattern  he  has  of  the  diameter  specified,  and  if  he  obtains 
the  order  he  trusts  to  fortune  that  the  motor  may  prove  equal  to 
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the  work,  and  fortune  is  often  very  kind.  If,  however,  the  manu- 
facturer were  fully  acquainted  vnth  the  work  to  be  performed,  he 
could,  in  many  cases,  save  his  customer  considerable  sums  in  first 
cost  and  in  running  expenses. 

Bevbbbino  Motors. 

The  next  type  of  motor  to  be  considered  is  the  reversing  motor* 
A  reversing  motor  is  seldom  required  to  make  lengthy  runs  in  one 
direction,  but  is  nearly  always  desired  to  run  for  a  few  seconds,  or 
perhaps  minutes,  and  then  stop  and  reverse,  and  in  this,  rapid 
acceleration  is  a  necessity.  Acceleration  is  a  function  of  the 
torque;  therefore,  in  this  case  also  the  shunt  motor  has  an 
advantage  over  the  series  motor.  It  also  has  a  disadvantage^ 
viz. :  that  owing  to  self-induction,  the  shunt  coils  take  an  appre- 
ciable time  to  build  up  the  magnetic  field,  and  the  torque  does  not 
reach  the  amount  shown  in  Fig.  1  until  the  field  is  fully  excited. 
This  is  easily  got  over  by  keeping  the  shunt  coils  fully  excited  all 
the  time  the  motor  is  required,  and  as  the  energy  is  only  from  one 
to  (in  small  machines)  five  per  cent,  of  the  total  current,  the  loss  is 
trifling. 

The  constantly  excited  fields  have  the  effect  of  bringing  the 
armature  to  rest  very  quickly  (when  the  armature  current  is 
switched  ofif)  owing  to  eddy  currents  in  the  core,  and  if  a  brake 
contact  be  fitted  on  the  controller  so  that  the  armature  can  be 
short  circuited  through  a  resistance,  the  armature  will  act  as  a 
brake,  and  also  assist  in  bringing  itself  to  rest  promptly.  This  is 
a  very  important  property  for  a  reversing  motor  to  possess.  It 
appears,  therefore,  that  a  shunt  motor,  with  fields  permanently 
excited,  is  the  best  type  to  use  for  frequent  reversing  and  rapid 
acceleration.  It  is  true,  however,  that  some  machines,  having 
moving  parts  with  but  a  small  inertia,  and  requiring  often  to 
work  with  a  small  load,  when  an  increased  speed  of  running  with 
a  fair  acceleration  are  desirable  (such  as  the  hoisting  gear  of  jib 
cranes  vdth  an  empty  hook),  may,  with  advantage,  be  fitted  with 
series  motors. 
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The  following  list  gives  a  few  oommon  machines,  and  the  type& 
of  motors  which  the  author  considers  most  suitable  for  them : — 


Boring  mills,  ... 
Eadial  drills,  ... 
Countersink  drills, 
Large  lathes,  ... 


Shunt  wound,  variable  speed. 

Shimt  wound,  variable  speed. 

Shunt. 

Shunt,  variable  speed;  or  where  breaks 
occur  in  the  work  generally  dealt  with, 
heavy  cuts  being  taken  for  a  portion  of 
the  revolution  of  the  face  plate  and 
the  rest  of  the  revolution  being  idle, 
such  as  truing  the  ends  of  bob  weights 
on  a  crank  shaft,  compound  with  fly- 
wheel. 

Shunt  variable  speed. 

Compound  with  fly-wheel.  A  resistance 
may  be  automatically  switched  into 
the  shunt  circuit  to  increase  the  speed 
on  return  stroke  with  advantage. 

Shunt. 

Shunt. 

Compound  with  fly-wheel. 

Shunt. 

Plate  bending  rolls,   ...     These  are  reversed  frequently,  and  have 

great  inertia  and  considerable  friction, 
even  if  fitted  with  ball  bearings.  The 
driving  motor  should  be  compound, 
and  may,  with  advantage,  be  fitted 
with  a  fly-wheel  to  add  to  the  kinetic 
energy  of  the  moving  rolls,  and  relieve 
the  motor  by  supplying  the  extra  power 
required  at  the  first  nip  of  the  plate,  and 
it  should  be  fitted  with  a  magnetic  or 
foot  brake  to  stop  the  rolls  quickly^ 


Small  lathes,  ... 
Planing  machines. 


^Milling  machines, 
Shaping  machines. 
Slotting  machines, 
Cold  saws. 
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'Mortar  mills, 
■Circular  saw, 


Hand  saw, 
lEVame  saw,    ... 
Wood  planer, . . . 


The  magnetic  brake  may  be  connected 
in  series  with  the  motor,  as  the  initial 
current  is  large.  The  roll  shifting 
motor  should  also  be  compound  to  get 
a  large  torque  at  starting.  A  series 
motor  is  not  satisfactory,  as  the  speed 
of  the  roll  gets  somewhat  high,  and  it 
is  difficult  to  stop  it  at  the  exact  posi- 
tion required,  A  powerful  magnetic 
brake  should  be  fitted  for  this  pur- 
pose. 

Compound  with  fly-wheel. 

Compound,  with  small  fly-wheel,  to  assis 
motor  when  the  saw  meets  knots  in  the 
wood. 

Shunt. 

Shunt. 

Shunt. 


Mortising  and  tenoning  "j^  «,       . 


machine, 
•Cargo  winch. 


Shipyard  winch. 


Compound.  These  are  often  made  series 
wound;  but  so  much  of  the  time  of  a 
hoist  is  occupied  in  easing  the  load 
out  of  the  hold  that  the  greater  torque 
of  the  compound  motor,  with  a  small 
current,  overbalances  the  quicker  speed 
of  the  series  motor  with  light  loads. 

Compound.  The  distance  at  which  the 
work  is  performed  is  often  con- 
siderable, and  great  skill  and  care  are 
required  on  the  part  of  the  winchman, 
if  a  series  motor  is  used,  especially 
with  light  loads. 
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Skull  breaking  winch,       This  is  usually  fitted  with  a  series  moior^ 

and  as  the  load  is  constant,  and  the 

inertia  of  the  tup,  at  starting  to  hoists 

constitutes    an    overload,    the     series 

motor  has  the  advantage. 

Three-motor  travelling 
crane,  In  shops,  where  rough  work  is  carried 

out  and  great  nicety  of  handling  is^ 

not  required,   a  series  motor  is    the 

best  for  hoisting,  as  with  light  loads 

the  speed  increases,  and  enables   the 

work  to  be  performed  more  quickly. 

In  iron  foundries,  especially  where  delicate  ornamental  work  is 
done,  delicacy  of  handling  is  the  most  important  point,  it  often 
being  necessary  to  raise  or  lower  a  box  a  quarter  of  an  inch  at  a 
time.  In  this  case,  a  compound  motor  has  all  the  advantage. 
The  small  current  reqmred  for  a  given  small  torque  means  that 
the  craneman  has  to  move  his  controller  on  to  its  first  or  second 
notch  to  move  the  load,  in  place  of  on  to  the  fourth  or  fifth 
notch,  as  would  be  the  case  with  a  series  wound  motor,  and  he  can 
therefore  stop  it  more  quickly.  The  motor  should  have  its  shunt 
coils  permanently  excited,  and  be  fitted  with  a  shunt  brake,  so  that 
whatever  the  current  in  the  armature,  the  brake  may  pull  off 
quickly.  A  series  brake  does  not  pull  off  until  a  considerable 
current  is  passing  through  the  armature,  though  once  it  is  off,  a 
small  current  suffices  to  hold  it  off. 

In  engine  erecting  shops  a  compound  motor  should  be  used  for 
the  same  reasons.  With  a  series  motor  a  good  deal  of  time  is  lost 
by  the  craneman  raising  or  lowering  the  work  too  far.  The  travel- 
ling and  cross-transverse  motors  may  be  series  wound,  as  the 
inertia,  even  with  an  empty  hook,  is  great,  and  the  minimum  load 
is  considerable.  A  brake  may  be  fitted  with  advantage.  If,  how- 
ever, great  delicacy  of  movement  is  required,  these  motors  should 
also  be  compound  wound,  for  the  same  reasons  as  have  been 
advanced  in  the  case  of  the  hoisting  motor. 
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£Loi8ts.  — Most  electric  hoists  and  lifts  have  balance  weights 

fitrked     equal  to  the  combined  weight  of  the  cage  and  half  the 

ordloaj-j  load  to  be  lifted.     This  enables  a  small  motor  to  be  used, 

Cknd.    ensures  economy  in  current  consumed.     It  is  evident  that,. 

'%wdtli    half  load  in  the  cage,  the  motor  will  have  no  work  to  do, 

sck^e    to  overcome  the  friction,  and  if  a  series  motor  be  used,  it 

^will  run  at  a  very  high  speed,  and  there  will  be  considerable  diffi* 

cultiy  in  stopping  the  cage  at  the  right  place.     A  compound  motor 

is  tlie  most  suitable,  though  shunt  motors  are  often  used.     They 

aHould  be  fitted  with  shunt  brakes,  and  the  armature  itself  may  be 

\iBed  as  an  additional  brake  with  advantage. 

Centrifugal  Pumps. — The  torque  required  at  starting  is  very 
BT3iall.  Until  the  critical  speed  is  reached  no  water  is  delivered, 
&zid  any  small  increase  of  speed  above  that  point  means  a  large 
increase  in  the  water  delivered,  and  therefore  of  the  power 
absorbed.  A  shunt  motor  should  be  used,  having  a  variable 
resistance  in  the  shunt  circuit,  so  that  the  exact  speed  to  give 
the  required  delivery  of  water  may  be  obtained. 

Reciprocating  Pumps. — Assuming  the  suction  and  delivery  pipes 
to  be  charged,  the  torque  of  this  type  of  pump  is  constant  at 
any  speed,  with  the  exception  that  when  running  the  friction 
of  the  water  in  the  pipes  comes  into  play,  and  the  torque  varies 
accordingly.  A  shunt  wound  motor  is  quite  suitable,  and  may 
have  speed  regulation  to  vary  the  delivery,  A  series  motor  may 
also  be  used,  having  speed  regulation,  by  shunting  a  portion  of  the 
current  from  the  field  coils  to  increase  the  speed,  or  by  resistance  in 
the  armature  circuit  to  reduce  the  speed.  A  series  motor  has  one 
advantage  for  this  purpose ;  but  fortunately  it  does  not  often  occur. 
If  one  of  the  suction  valves  gets  hung  up,  preventing  one  of  the 
pump  barrels  from,  working,  the  load  on  the  motor  is  reduced,  and 
it  runs  faster,  the  other  two  barrels  (assuming  it  to  be  a  three- 
throw  pump)  deliver  more  water,  and  the  increased  speed  and 
noise  draw  the  attention  of  the  driver  to  the  fault. 

For  pumps  operated  at  a  distance,  a  series  motor  is  probably 
best.      Only  two  cables  are  required,  the  starting  switch  being 
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fixed  in  the  engine  room,  and  an  ammeter  in  the  circuit  enables  the 
•driver  to  know,  by  any  variation  in  the  current,  if  attention  is 
required  at  the  pump.  The  Author  was  connected  with  the  instal- 
lation of  a  pump  of  this  nature  some  ten  years  ago,  which  is  still 
working  successfully,  the  current  being  transmitted  some  two  miles 
and  the  pump  being  visited  about  twice  a  week. 

Boots'  Blowers. — For  cupola  work  these  should  be  shunt  motors 
with  speed  regulation  by  shunt  resistance,  so  that  the  pressure  and 
quantity  of  air  delivered  may  be  varied  as  the  charge  settles. 

Smiths*  Fires. — For  such,  shunt  motors  should  be  used. 

It  may  be  well  to  point  out  that  the  question  of  time  of  accelera- 
tion from  rest,  and  energy  expended,  is  a  somewhat  complex  one, 
and  that  a  great  deal  depends  upon  the  method  of  controlling  the 
current  during  the  acceleration  period.     It  is  obvious  that,  if  a 
motor  is  accelerating  a  machine  which  requires  the  full  load  of  the 
motor  to  drive  it  at  full  speed,  and  if  it  be  possible  to  so  regulate 
the  current  by  the  starting  switch  that  the  current  at  once  equals 
the  full  load  current,  and  never  exceeds  it  by  more  than  a  small 
fraction,  it  does  not  matter  whether  the  motor  be  shunt,  compound, 
or  series  wound,  it  will  accelerate  the  machine  in  the  same  time 
with  the  same  expenditure  of  energy.     This,  unfortunately,  is  an 
impossible  condition,  as  supply  companies  do  not  allow  the  full 
load  current  to  be  drawn  suddenly  from  the  mains;  but  they  insist 
upon  gradual  increases  in  steps  of  ten  or  twenty  amperes,  and  in 
private  installations,  for  the  sake  of  generating  plant  and  other 
motors  and  lights,  it  is  not  advisable  to  do  so.      It  is,  therefore, 
necessary  to  accelerate  by  gradual  increments  of  current,  and  it  is 
in  the  earlier  stages  that  the  shunt  and  compound  motors  have  the 
advantage.     If,  however,  the  inertia  be  very  great,  and  the  operator 
impatient,  he  may  move  his  switch  so  rapidly  that  a  current  much 
larger  than  the  full  load  current  is  taken,  and  in  this  case  the  series 
motor  gives  the  greatest  torque  and  the  most  rapid  acceleration; 
but  the  operator  should  be  replaced  by  a  more  patient  man. 

In  all  the  preceding,  it  has  been  assumed  that  the  motor  and 
the  machine  are  direct  connected,  or,  at  all  events,  that  there  is 
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no  appreciable  slip  between  the  motor  and  the  machine.  There 
is  one  very  interesting  machine,  however,  which  starts  from  rest, 
and,  as  made  by  one  of  the  best  known  ifirms  in  this  city,  has  pur- 
posely a  very  large  slip.  The  reference  is  to  centrifugal  machines, 
either  sugar  centrifugals  or  hydro-extractors.  In  this  particular 
type,  the  motor  drives  the  basket  through  a  centrifugal  friction 
clutch.  The  motor,  in  machines  of  the  latest  type,  is  series 
^wound,  and  is  thrown  on  to  the  mains  direct  by  a  double  pole 
8^tch,  no  starting  resistance  being  employed. 

The  high  self-induction  of  the  series  field  coils  prevents  the 
sudden  rush  of  current  being  excessive.  In  most  cases  which  have 
come  under  the  Author's  notice,  the  initial  current  is  not  appreci- 
ably greater  than  that  taken  by  the  motor  ten  seconds  later.  The 
motor  in  a  few  seconds  attains  the  speed  corresponding  to  the 
current,  the  slippers  of  the  friction -clutch  fly  out  by  centrifugal 
force,  and  the  basket  begins  to  revolve.  The  basket  accelerates 
rapidly  until  it  attains  the  same  speed  as  the  motor,  when  the 
motor  and  the  basket  accelerate  together  until  full  speed  is 
obtained.  The  friction  of  the  slippers  represents  a  loss  of  energy 
of  50  per  cent,  of  the  motor  output,  until  the  motor  and  basket  are 
nmning  at  the  same  speed,  after  which  no  such  loss  occurs.  The 
average  power  taken  during  the  acceleration  period  is  often  six  or 
seven  times  the  power  taken  when  running  at  full  speed,  and  the 
power  at  the  start  is  often  more  than  double  the  average  power. 
A  very  specially  designed  motor  is  therefore  necessary.  The 
actual  power  depends  upon  the  time  of  acceleration,  and  this  varies 
with  the  class  of  sugar  to  be  worked. 

The  interesting  point  in  this  machine  is,  that  if  a  shunt  or  com- 
pound motor  be  used,  there  is  a  much  greater  loss  of  energy,  as, 
owing  to  their  much  higher  speed  with  a  given  current,  the  speed 
of  the  basket  does  not  equal  the  speed  of  the  motor  until  a  much 
later  period,  and  the  energy  lost,  caused  by  the  friction  of  the 
slippers,  is  much  greater.  There  is  also  the  disadvantage  that, 
some  sort  of  starting  resistance  must  be  used  with  these  motors. 
On  the  other  hand,  the  series  motor  has  the  disadvantage  that. 
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though  the  total  energy  required  is  less,  the  initial  demand  is 
greater;  but,  as  usually,  a  number  of  these  machines  are  ased  in 
one  installation,  and  they  do  not  all  start  at  the  same  time,  the 
generating  plant  may  be  practically  the  same  as  would  be  neces- 
sary with  shunt  or  compound  motors.     Fig.  7  shows  the  cuxrent 
curve  and  speed  curves  for  a  basket  and   series   motor  of    one 
of  these   machines.      It  will   be   noted   that    the   basket    speed 
never  quite  reaches  that  of  the  motor     This  is  probably  due   to 
vibration,  causing  a  slip  in  the  friction  clutch,  and  there  must  be 
some  slight  loss  in  this;  but  it  is  also  the  case  when  shunt  or  com- 
pound motors  are  used. 

It  may  be  asked  why  the  motor  should  not  be  direct  coupled  to 
the  basket.  The  objection  to  this  is,  that  the  motor  would  have 
to  contend  vdth  the  inertia  of  the  basket  when  starting,  as  well  as 
its  own  inertia,  and  a  very  large  starting  current,  necessitating  a 
starting  resistance,  would  be  required.  By  introducing  the  fric- 
tion slippers,  the  motor  has  only  its  own  inertia  and  the  friction 
of  the  slippers  to  overcome  in  starting. 

One  small  error  of  erection,  which  often  causes  considerable 
trouble,  may  be  pointed  out.  When  motors  are  mounted  on  slide 
rails,  belt  stretching  screws  are  provided,  which  bear  against  the 
motor  frame,  and  take  up  the  slack  of  the  belt.  These  rails  are 
generally  placed  so  that  the  stretching  screws  are  both  in  front 
of  the  motor.  They  should,  to  obtain  security,  be  placed  one  at 
the  front  and  the  other  at  the  back  of  the  motor.  By  adopting 
this  arrangement,  the  couple,  which  is  caused  by  the  pull  of  the 
belt,  is  resisted  by  the  screws,  and  the  stress  is  taken  off  the 
holding-down  bolts. 

The  Author  has  known  many  cases,  in  which  complaints  have 
been  made,  that  the  motor  speed  fell  off  seriously  upon  increasing 
the  load,  and,  upon  investigating  the  matter,  he  found  that  both 
stretching  screws  were  fixed  at  the  front  of  the  motor,  and  the 
holding-down  bolts  having  worked  loose,  the  pull  of  the  belt  had 
slewed  the  motor  slightly  out  of  place,  allowing  the  belt  to  slip. 
Pig.  8  shows  the  two  methods  of  fixing  the  rails. 
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The  Author  is  aware  that  he  has  not  advanced  smything  of  much 
"value  in  this  paper,  and  he  expects  that  many  Members  will  not 
-share  some  of  his  views ;  but  he  hopes,  however,  that  the  expres- 
sion of  these  views  may  lead  to  a  good  discussion. 

Discnssion, 

Mr  John  Elinkenberg  (Member)  observed  that  after  careful 

perusal  of  the  paper  prepared  by  Mr  W.  A.  Ker,  he  found  that 

there  were  a  number  of  statements  put  forward  which  called  for  a 

reply.     On  page  287,  the  Author  stated  that  in  his  diagram,  Fig.  1, 

the  torque  of  the  shxmt  wound  motor  at  full  load  was  equal  to  the 

torque  of  the  series  wound  motor.     The  torque,  of  course,  could 

not  be  dififerent,  as  the  output  given  by  the  motors  at  full  speed 

-was  in  both  cases  the  same,  but  the  question  in  adopting  either  a 

shunt  or  a  series  motor  for  power  driving  was  not  the  torque  at 

full  load,  but  the  starting  torque.      The  Author  stated,  "It  is 

evident  from  the  diagram  that  with  a  current  of  30  amperes,  the 

torque  of  the  shunt  wound  motor  is  just  double  the  torque  of  the 

series  motor."     On  the  first  page,  Mr  Ker  himself  stated  that  the 

torque  of  a  motor  was  proportionate  to  the  current  in  the  armature 

and  to  the  magnetic  flux  per  pole,  that  was  to  say,  with  the  same 

armature  current,   the  torque  varied  with  the  strength  of  the 

magnetic  field.      Now,  in  the  shunt  motor,  with  a  current  of 

30  amperes,  the  field  was  fully  excited;   while  with  the  series 

motor,   where  96  amperes  required  to  pass  through  the  series 

-coils  of  the  field  to  reach  the  maximum  field  strength,  it  was 

evident,  in  the  case  of  the  series  motor,  that  the  motor  started 

-on  a  very  much  weakened  field,  and  with  a  field  of  only  one-third 

■the  strength  of  the  shunt  wound  motor,  the  series  motor  exerted 

half  the  torque  of  the  shunt  wound  motor,  actually  proving  that 

the  torque  of  the  series  wound  motor  for  the  same  condition  was 

.greater  than  the  shunt  wound  motor.     He  failed  to  see  that  the 

Author  had  suceeded  in  proving  that  the  series  wound  motor,  as 

-stated  on  page  288,  running  at  a  high  speed,  had  considerably 

higher  losses,  owing  to  resistance  of  the  armature,  friction  in 
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bearings,   windage,   eddy  currents  etc.,   than   the  shunt  -wound 
motor.      It   would  be  interesting   to    have   an    explanation    ic^ 
what  reasons  a  series  motor  was  handicapped  as  compared  ^th 
a  shunt  wound  motor.      The  conclusion  the  Author  drew  from 
Figs.    1   and   4,   that   motors   for   varying    speed    and    constant 
work  should  be  shunt  wound,  that  speed  regulation  effected  by 
means  of  resistance  switched  into  the  shunt  circuit  should  be  used* 
"with  a  speed  variation  of  9  to  1,'*  was  surely  an  error.      With 
pure  shunt  regulation  of  ratio,  9  to  1,  the  size  of  the  motor  adopted 
was  altogether  out  of  proportion  to  various  other  methods  which 
could  be  adopted,  and  it  was  altogether  doubtful  whether  satisfac- 
tory conditions  for  the  field  magnets  could  be  arranged  with  such 
an  enormous  variation  in  speed.     As  a  matter  of  fact,  there  were 
only    one    or   two    of    the    largest    manufacturers   who    manu- 
factured motors  with  a  speed  variation  of  4  to  1,  and  some  weli 
known  firms  refused  to  go  beyond  3  to  1,  by  means  of  pure  shunt 
regulation.      If  variations  of  5  to  1,  10  to  1,  or  15  to  1,  were 
required,  the  cheaper  way,  and  certainly  the  more  reliable  way, 
was  the  multi-voltage   system,   which   was  universally  adopted 
where  large  variations  in  speed  were  necessary,  for  instance,  in 
paper  works,  and  rotary  printing  machines.     The  Glasgow  Herald 
newspaper  had  a  machine  of  this  description,  which  was  recently 
installed,  with  a  variation  of  10  to  1  (if  his  memory  were  correct), 
which  worked  in  every  way  satisfactorily,  and  was  considerably 
cheaper  than  attempting  to  build  a  shunt  wound  motor  with  pure 
field  regulation  of  10  to  1.     The  Author,  in  the  next  paragraph, 
stated  that  it  was  of  no  practical  effect  to  provide  a  shunt  wound 
motor  with  a  fly-wheel,  as  the  reduction  in  speed  was  trifling.     As 
a  matter  of  fact,  the  minimum  variation  in  speed  between  "no 
load"  and  "full  load"  was  5  per  cent.,  but  more  generally  8  per 
cent.     Further,  the  decrease  in  voltage,  when  a  sudden  load  came 
on  was,  at  the  minimum, -2 J  per  cent.,  but  more  likely  from  3  to 
4  per  cent,,  giving,  of  course,  a  corresponding  reduction  in  speed. 
Under  the  most  favourable  circumstances,  therefore,  the  variation 
in  speed  in  a  shunt  wound  motor  was  7^  per  cent.,  and  the  object 
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of  the  fly-wheel  was  to  assist  the  armature  m  overcoming  the 
xnaximum  load  the  motor  was  ahle  to  carry,  and  if  there  were  no 
other  advantage  than  preventing  a  drop  of,  say,  2^  per  cent.  in. 
-voltage,  the  purpose  for  which  the  fly-wheel  was  supphed  was 
amply  justified,  especially  in  cases  where  power  as  well  as  light- 
ing was  taken  from  the  same  mains,  as  the  drop  of  2^  per  cent,  in 
voltage  would  cause  fluctuation  in  the  lighting.     The  advantages 
the  Author  claimed  for  the  fly-wheel,  in  connection  with  a  series 
machine  or  compound  machine,  held  good  in  the  same  way  with  a 
shunt  wound  machine.     He  did  not  see  that  there  was  any  dis- 
advantage in  running  a  motor  slowly  for  shearing  heavy  plates,  as 
the  torque  increased  in  inverse  ratio  with  the  speed.      He  must 
defend  the  users  of  electric  motors  who  sent  forward  enquiries 
as   quoted  by  the  Author,   namely,  "supply  one  10  h.p.  shunt 
wound  motor  for  500  volts,   at  900    revs,    per    minute,    VTith 
a   two-feet  fly-wheel."     This  gave  the  manufacturer  practically 
all  the  information  he  wanted — ^he  knew  that  a  10  h.p,  motor 
^was    required;    the   motor  was  to  be   shunt  wound,  that  was 
to    say,    the    manufacturer    had    to  exert  himself    to    build    a 
shunt  wound  motor  capable  of  exerting  sufficient  torque,  fitted 
■with    a    fly-wheel.       No    buyer    would    object    to    the    manu- 
facturer suggesting  a  different  diameter  of  fly-wheel,  and  this» 
certainly,  would  prejudice  him  when  the  order  was  placed.     In  the 
case  of  reversing  motors,  on  page  295,  the  Author  adhered  to  his 
wrong  statement  that  a  shunt  wound  motor  had  the  advantage 
over  the  series  motor  in  case  of  acceleration,  which  was  obviously 
a  mistake.     If  his  way  of  reasoning  held  good,  the  best  thing  that 
Tramway  Companies  could  do,  was  to  throw  out  all  their  series 
motors  and  substitute  shunt  wound  ones.    The  suggestion  made  by 
the  Author  to  keep  the  shunt  coils  in  a  reversible  motor  continuously 
excited  was  altogether  objectionable  from  economical  reasons.     In 
a  reversing  motor,  which  only  periodically  did  work  and  where  the 
armature  was  stopped,  the  current  consumed  by  the  shunt  was 
5  per  cent,  on  the  minimum,  but  far  oftener  8  per  cent.,  and  was 
not  by  any  means  trifling,  as  the  Author  stated.      Take,  as  ibn 
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example,  any  passenger  lift  running,  say  nine  hours  a  day,  the  total 
expense  for  running  the  lift  per  annum,  £35,  and  assume  the 
circuit  for  the  shunt  every  time  the  lift  stopped  was  broken.     If 
this  shunt  were  to  remain  excited  all  the  time,  the  cost  per  annum 
would  be  increased  to  £44,  or  an  increase  of  25  per  cent,  in  the 
annual  expenditure.     He  did  not  believe  that  the  owner  who  had 
to  disburse  the  additional  25  per  cent,  would  take  kindly  to  the 
explanation  that  it  '*was  only  a  trifling  increase."     Besides,  for 
electrical  reasons,  it  was  a  constant  source  of  danger  keeping  the 
shunt  continuously  excited.     When  breaking  the  shunt,  finally,  a 
separate  shunt  brake  switch  was  required,  and  as  often  as  not, 
when  the  works  were  finally  shut  down  at  night,  the  attendant  of 
the  machine  omitted  to  open  this  switch,  with  the  result  that  the 
switch-board  attendant,  when  shutting  off  the  supply  at  the  switch- 
board, broke  this  shunt  current,  causing  a  very  heavy  induction  on 
the  motors ;  and  only  very  recently  an  installation  of  four  100-h.p. 
motors  broke  down,  and  the  armatures  required  to  be  completely 
rewound  on  account  of  this  suggestion  being  adopted,  of  keeping 
the  shunts  continuously  excited.     The  heavy  induction  caused  an 
induction  spark  to  destroy  two  coils  of  the  armature,  involving  an 
expense  of  nearly  £200.     Another  great  disadvantage  with  motors, 
where  a  shunt  was  continuously  excited,  was  that  a  motor  built  for 
intermittent  work  was  dimensioned  to  carry  no  current  for  certain 
periods,  but  if  the  shunt  was  continuously  excited,  the  temperature 
of  the  field  would  increase  considerably  beyond  its  normal,  causing 
very  soon  deterioration  of  the  motor.     The  claim  the  Auther  put 
forward  that  only  a  constantly  excited  field  brought  the  motor 
quickly  to  a  standstill  was  erroneous,  as  it  was  quite  easy  to  utilize 
the  residual  current  in  the  field  magnets,  which  was  more  than 
sufficient  to  bring  the  largest  motor  to  an  instantaneous  stop  if  so 
desired.     This  property  every  motor  had,  whether  reversible  or 
not,  and  whether  shunt,  series,  or  compound  wound.    He  failed  to 
see  why  the  Author  recommended  compound  motors  with  fly- 
wheels for  planing  machines,  and  for  w^ood  planers,  shunt  wound 
motors.     There  was  no  more  power  required  for  planing  cast-iron 
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or  steel  than  there  was  for  planmg  wood,  and  the  same  sudden 

loads  came  on  which  surely  should  require  the  same  motor.     For 

a  shipyard  winch,  however,  a  compound  motor  was  recommended, 

while  for  the  skull  breaking  winch  and  three-motor  travelling  crane, 

a  series  motor  was  recommended.      There  was  surely  not  more 

nicety  of  handhng  required  in  the  shipyard  winch  than  on  the 

three-motor  travelling  crane,  and  aU  the  advantages  the  series 

motor  possessed,  pointed  to  the  adoption  of  this  kind  of  motor. 

The  Author  altogether  forgot  the  mechanical  side  of  the  question 

under  discussion.     In  travelling  cranes,  the  hoisting  and  lowering 

motor  was  invariably  a  series  wound  one,  and  the  most  accurate 

handlings  required  could  be  executed  with  this  kind  of  motor. 

The  motor,  which  was  coupled  to  a  self-locking  worm,  prevented 

the  possibility  of  the  motor  running  away,  and  the  gradual  starting 

torque  of  the  series  wound  motor  allowed  a  load  to  be  lifted  or 

lowered  to  l-d2nd  part  of  an  inch  at  a  time.      He  knew  cranes 

where  a  load  of  three  tons  was  lowered  between  the  pointers  of  a 

lathe  by  means  of  a  50-h.p.  series  wound  motor,  and  there  was  no 

instance  where  more  nicety  and  accuracy  of  handling  was  required 

than  in  a  case  like  this.     For  the  same  reason,  of  course,  iron 

founderies  would  exclusively  use  series  wound  motors.     He  had 

tested  about  2,000  motors  for  crane  purposes,  and  he  was  safe  in 

saying  that  from  1  to  2^  per  cent,  only  were  anything  else  but 

series  wound.     Why  a  compound  motor  should  be  used  for  hoists 

he  altogether  failed  to  see.     Somewhere  the  Author  recommended 

the  use  of  additional  series  windings  to  assist  the  shunt  field  in 

order  to  get  a  greater  starting  torque,  but,  by  the  Author's  own 

showing  on  the  first  page,  the  torque  was  equal  to  the  magnetic 

flux  per  pole;  and  on  page  288  he  stated  that  when  a  magnetic  field 

was  provided  with  a  certain  number  of  ampere-turns,  the  iron  was 

practicfiJly  saturated,  which  was,  of  course,  a  well-known  fact.    If 

it  were  possible  to  build  a  pair  of  shunt  magnets,  which  saturated 

the  iron  in  the  field  magnets,  there    was    no  use   in  providing 

additional  series  windings.     These  windings  could  not  possibly 

increase  the  magnetic  density  of  the  iron,   it  being  practically 
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saturated,  and  it  was  mere  waste  of  material  and  complication  ta 
provide  an  additional  series  winding,  and  perhaps  arrange  to  cut  it 
out  after  starting,  requiring  a  more  complicated  motor,  switch  gear, 
and  more  wiring,  an  enormous  disadvantage  in  cases  where  extreme 
simplicity  was  of  the  utmost  importance.     As  it  was  possible  to 
build  a  shunt  wound  motor  with  the  field  very  near  the  saturation 
limit,  the  necessity  of  providing  additional  compound  winding  was 
obviated.   On  page  299,  the  Author  recommended  for  centrifugal  and 
reciprocating  pumps  a  shunt  wound  motor,  but  in  the  same  sen- 
tence stated  that  for  pumps  at  a  distance,  series  wound  motors 
should  be  used.     If  for  pumps,  at  a  distance,  series  wound  motors 
were  an  advantage :  Why  should  it  be  a  disadvantage  to  use  them 
when  the  distance  was  small  ?     The  question  of  motor  driving,  as 
applied  to  steel  rolling  mills,  mining,  and  other  purposes  had  not  been 
touched  upon,  and  he  specially  regretted  that  no  mention  had  been 
made  in  the  paper  of  alternating  current,  as  no  doubt  this  mode  of 
current  was  extensively  used,  and  used  under  more  trjang  condi- 
tions, and  where  continuous  current  would  be  absolutely  hopeless. 
Mr  W.  M*  Whirter  (Member)  said  there  were  some  points  in 
the  paper  on  which  he  was  not  inclined  to  agree  with  Mr  Ker,  bu: 
the  same  might  be  said  about  what  they  had  just  heard  from  Mr 
Klinkenberg.      When  Mr  Ker  compared  the  series  wound  motor 
with  the  shunt  wound  motor,  he  did  so  in  a  general  way.     The 
Author  would  be  willing  to  admit  that  there  were  conditions  under 
which  a  series  wound  motor  was  more  suitable  than  a  shunt 
wound  motor.      To  take  the  example  of  the  tramway  cars  going 
up  Renfield  Street,  their  motors  were  very  often  much  above  full 
load.     That  meant,  with  these  big  loads  a  big  drop  in  the  voltage. 
Consequently,  with  a  shunt  wound  motor  the  torque  would  fal. 
quickly,  while  with  the  other  the  torque  would  be  fairly  well 
maintained.    A  series  wound  motor  would  take  a  cart  up  a  hill,  while 
with  a  shunt  wound  motor  it  might  stop  altogether.     He  thought, 
however,  that  Mr  Ker  did  not  anticipate  a  case  of    that  kind, 
because  the  paper  seemed  to  deal  merely  with  the  application  of 
motors  to  machine  tools  and  other  machinery  of  various  kinds 
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where  such  a  case  would  not  exist.  He  quite  agreed  with  the 
Author  when  he  stated  that  a  compound  wound  motor  was  the 
right  thing  to  use  for  lifts.  With  lifts  a  compound  wound  motor 
had  many  advantages.  To  begin  with,  the  series  was  thrown  in 
just  at  the  time  one  wanted  to  start,  when  the  maximum  torque 
was  required.  The  series  winding  assisted  very  materially  in 
reducing  the  rush  of  current  which  took  place  in  motors  just  for 
the  first  second  or  two.  Immediately  on  getting  away,  the  series 
winding  was  cut  out  by  a  short-circuiting  switch.  And  when  the 
series  was  cut  out  acceleration  obtained  due  to  the  fact  that  the 
magnetic  field  was  reduced.  Then  if  that  were  followed  up,  as 
was  done  in  the  best  lifts,  by  introducing  at  the  end  of  the  con- 
troller movement  resistances  into  the  shunt  circuit,  greater 
acceleration  was  obtained,  and  when  running  thus  a  good  speed 
was  maintained.  He  had  not  read  the  paper  in  the  way  it  should  be 
read,  and  for  that  he  was  sorry,  but  it  was  a  paper  that  all  the  young 
Members  of  the  Institution  ought  to  read  through  most  carefully. 
He  was  sure  there  was  matter  in  it  that  would  well  repay  perusal. 
Mr  Ker's  remarks  about  fly-wheels  were  very  much  to  the  point. 
He  did  not  think  he  was  telling  any  tales  when  he  said  that  in 
Glasgow,  until  very  recently,  they  were  hardly  allowed  to  put 
down  a  motor  without  a  fly-wheel.  The  Corporation  made  a 
distinct  stipulation  that  fly-wheels  must  be  fixed  to  motors 
wherever  the  work  was  at  all  of  a  fluctuating  character.  If  the 
motor  drove  a  circular  saw  there  must  be  a  fly-wheel,  or  if  it  was  a 
guillotine  there  must  be  a  fly-wheel,  and  so  on.  He  did  not 
think  that  that  stipulation  had  as  yet  been  altered,  but  he  was 
afraid  that  now  it  was  more  honoured  in  the  breach  than  in  the 
observance.  He  believed  a  great  many  motors  had  fly-wheels, 
but  these  were  stowed  away. 

Prof.  A.  Jamieson  (Member)  thought  that  Mr  Ker  had  done 
well  in  bringing  this  paper  before  the  Institution  at  the  present 
time,  since  the  reasoning  and  conclusions  contained  therein  ap- 
pealed directly  to  many  Members  who  used,  or  expected  to  use, 
electric  motors  for  driving  shipbuilding  and  engineering  tools. 
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As  a  rule,  the  owners  and  managers  of  engineering  and  ship- 
building  works  did  not  care  to  investigate  very  minutely   the 
scientific  principles  and  detailed  proportions  of  the  windings,  etc, 
of  the  various  kinds  of  electric  motors ;  but  they  did  wish  to  know 
their  lesuiing  characteristics.     Also,  how  each  type  of  motor  was 
best  suited  for  driving  a  particular  machine  or  a  certain  number  of 
tools  so  as  to  turn  out  work  most  economically  and  expeditiously. 
Mr  Ker  had  confined  his  remarks  to  continuous  current  motors  of 
the  series,  shunt,  and  compound  wound  varieties,  probably  from  the 
fact  that  he  did  not  desire  to  overload  his  paper  with  too  great  & 
mass  of  details,  and  also  from  the  fact  that  hitherto  in  most 
private    self-contained    local   installations,    these   were   already 
fitted  upon  the  continuous  current  principle.      By  stating  the 
available  torque  at  the  motor  shaft  or  pulley  Mr  Ker  had  avoided 
all  ambiguites  in  regard  to  the  output  capabilities  of  the  motors 
referred  to  by  him  in  his  paper,  and  the  clearly  lithographed 
figures  greatly  helped  to  elucidate  the  Author's  personal  opinion. 
At  the  foot  of  page  286,  it  was  stated  that  •*  the  torque  of  a  motor 
is  proportional  to  the  current  in  the  armature,  to  the  number  of 
bars  on  the  armature,  and  to  the  magnetic  flux  per  pole,"      Now, 
the  torque  was  not,  strictly  speaking,  proportional  to  the  magnetic 
flux  per  pole,  but  to  the  magnetic  flux  which  entered  the  armature 
core,  and  which  intersected  or  effectively  cut  the  armature  con- 
ductors ;  since  one  might  have  a  greater  or  less  percentage  of 
magnetic  leakage  or  short  circuiting  between  the  poles  according 
to  design  or  circumstances.      On  page  288  and  elsewhere,  the 
Author,  when  referring  to  Fig.  2,  called  the  same  a  "  saturation 
curve.'*      It  was  not  a  saturation  curve,  but  an  ordinary  mag- 
netisation curve  which  ranged  from  2000  to  nearly  6000  kilo-lines 
per  pole  for  that  particular  machine  and  material.     The  term 
saturation  was  one  which    had    different    significations    under 
different  conditions.       For  example,   as   generally    applied    by 
dynamo  and  motor  designers,  it  meant  that  part  of  the  mag- 
netisation curve,  beyond  which  it  did  not  pay  to  evoke  more  lines 
of  magnetic  force  per  unit  area  of  cross  section  in  the  iron  or  steel 
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oores  of,  say,  their  field  magnets.  Ordinary  good  permeable 
rx^otor  iron  or  cast  steel  might  be  referred  to  as  having  reached 
saturation  point  when  the  intensity  of  magnetisation  had  20,000 
'to  22,000  dynes  per  square  centimetre.  Whereas,  Professor 
lEiWing  in  certain  well-known  experiments,  obtained  double  these 
densities  of  saturation,  smd  yet  he  hoped  to  obtain  still  greater 
saturation  of  the  same  material  I  Attention  might  be  drawn  to 
other  misapplications  of  terms  and  phrases  in  the  paper,  but  it  did 
not  serve  any  good  purpose  in  this  case  to  be  hypercritical.  Mr 
Ker  had  explained  very  clearly  the  variations  of  torque  in  series, 
shunt,  and  compound  wound  motors,  so  that  readers  could  form 
their  own  conclusions,  or  adopt  those  laid  down  by  him  as  to 
which  kind  of  winding  was  best  suited  for  a  particular  class  of 
work  to  be  done.  In  actual  practice,  however,  he  (Prof.  Jamieson) 
had  seldom  met  with  shunt  wound  motors  which  gave  such  a 
constant  speed  under  such  a  wide  range  of  load  as  that  indicated 
by  Pig.  4.  And,  even  for  that  case  he  thought  a  fly-wheel 
attached  to  the  motor  spindle  would  prove  beneficial  in  over- 
coming sudden  variations  under  certain  circumstances.  Whilst 
inspecting,  testing,  and  reporting  upon  electric  motor  installations 
as  fitted  into  Clyde  shipbuilding  yards,  where  the  motors  were 
more  or  less  exposed  and  the  prevailing  atmospheric  conditions 
were  damp,  he  had  found  it  advisable  to  recommend  that  the 
field  coils  of  shunt  wound  machines,  which  were  frequently  used, 
should  be  always  in  circuit  and,  therefore,  constantly  excited 
during  working  hours  in  order  that  the  various  parts  might  be 
kept  dry  by  the  mild  heat  derived  from  the  comparatively  smal 
G^  E  losses,  and  the  motors  ready  to  start  at  a  moment's  notice  with- 
out a  hitch.  Such  instances  were  different  from  those  of  lift  motors 
for  dry  buildings,  and  each  case  had  to  be  considered  upon  its 
own  merits,  whilst  every  precaution  should  be  taken  to  avoid  a 
breakdown  either  by  automatic  devices  or  by  strict  rules  and 
regulations  such  as  that  referred  to  by  Mr  Klinkenberg  in  the  case 
of  the  four  100  h.p.  motors.  The  applications  of  different  kinds 
of  alternate  current  motors  would  form  a  useful  continuation  or 
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4iddition  to  the  present  paper,,  more  especially  to  Members  who 
contemplated  taking  advantage  of  the  New  Clyde  Valley  Power 
Company's  high  pressure  alternate  current  turbo-generator  supply. 
Mr  WiLFBm  L.  Spence   (Member)  thought  that  the  Author 
was  distinctly  to  be  congratulated  on  having  produced    a    paper 
which,  to  his  mind,  was   at  once  sound  and  of  a  character 
to  appeal  to  mechanical  engineers,  and  it  was  to  be  hoped  that 
some,  at  any  rate,  of  the  misconceptions  in  the  application  of 
motors  would  now  disappear.      He  did  not  sympathise  altogether 
with  the  hypercriticism  of  one  of  the  speakers  in  findings   fault 
with  the  Author  for  pointing  out  the  torque  characteristics  of  the 
different  classes  of  motors,  and  for  stating  that  the  torque  was  the 
same  at  full  load,  because  this  was  qualified  by  the  further  state- 
ment that  the  efficiency  was  also  the  same  whether  the  motor 
was  series,  shunt,  or  compound  wound.    Broadly,  he  was  com- 
pletely in  agreement  with  Mr  Ker*s  papfer,  but  more  particularly 
ao  when  he  dealt  with  the  subject  of  fly-wheels,  which  was  a 
matter  that  electrical  plant  men  had  some  difficulty  over  in 
endeavouring  to  make  clear  to  clients  and  customers  the  true 
inwardness  of  fly-wheels  in  connection  with    electric    motors. 
Coming  to  details,  and  referring  to  type  of  winding  to  be  adopted, 
he  would  be  inclined  to  add,  in  any  complete  schedule,  motor  for 
constant  speed  with    constant  and  predeteirnined  torque,   series 
wound,  but  no  series  motor  ever  to  be  used  with  belt  or  single 
rope  driving,  and  he  would  amplify  the  Author's  version  to  read, 
motor  for  practically  constant  speed  and  varying  torque  within  ike 
full  load,  shunt  wound.      With  regard  to  shunt  regulation,  the 
Author  certainly  did  not  advocate  shunt  motors  for  9  to  1 :  But 
was  that  figure  correctly  given  ?    Of  course  a  9  to  1  range  shunt 
motor  would  be  utterly  uncommercial.     A  ratio  of  3  to  1  was  a 
good  standard  limit  for  mechanical  reasons  combined  with  com- 
mercial considerations ;  5  to  1  was  practicable,  and  6  to  1  might 
be  considered  as  the  outside  commercial  limit.     With  regard  to 
Mr  Eer's  remarks  on  the  multiple  voltage  system,  he  could  not 
say  that  here  he  agreed  with  him  altogether,  perhaps,  because  he 
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l3.c^  had  great,   while  the  Author  had  had  but  little,  if  any, 
-^:x:perience  with  the  system.      For  any   csonsiderable  group  of 
motors  as  in  an  engineering  works  requiring  to  run  at  speeds 
"vsu^ing  in  the  ratio  of  5  to  1  up  to  7  to  1  there  was  not  any 
-olectrical  system  to  approach  it  for  cheapness  and  efficiency.     It 
^^rould  never  pay  for  a  single  motor,  but  it  did  handsomely  pay  for 
£b  lot.     The  multiple  voltage  system  was  in  operation  not  only  at 
tkkie  Olasgow Herald  Office,  but  within  the  last  few  weeks  at  ihe  Evening 
Citizen  Office,  on  the  system  developed  by  him,  and  there  would 
l>e  before  long  four  motors  of  50  h.p.  each  running  there  on  a  single 
rotary  converter  smaller  than  any  one  of  them.      While  cham- 
pioning the  multiple  voltage  equipment  in  its  own  sphere  against 
aJl  other  electrical  systems,   he  did  not  wish  to  be  understood 
as  saying  that,  in  his  opinion,  smy  method  of  electrical  control  was 
equal  to  a  well  arranged  speed  gear  where  three  or  four  speeds  in 
clefinite   steps   were   satisfactory,   as  in   the   drive  of  a  drilling 
machine  for  example.     If  six  or  eight  steps  were  good  enough  the 
gear  was  still  the  best,  and  only  in  such  operations  as  facing  large 
surfaces  in  a  lathe  was  the  continuous  variation  of  shunt  control 
really  gpreatly  ahead  of  other  methods.      That  brought  him  to  ask 
where  Mr  Elinkenberg  got  his  justification  for  saying  that  the 
multiple  voltage  system  "  was  universally  adopted  ?"     Of  course  a 
a  three  wire  system  was  not  the  multiple  voltage  system  1     He 
had  already  indicated  concurrence  with  the  Author  on  fly-wheels. 
The  Author  was  unquestionably  right,  and  his  critic  was  un- 
questionably wrong.    If  not  entirely  futile  it  was  certainly  a  sheer 
waste  of  good  material  to  put  fly-wheels  on  shunt  motors.     He 
bad  previously  mentioned  in  that  room  the  case  of  an  80  h.p. 
shunt  motor  driving  a  tube  welding  mill.      The  gearing  was 
excellently  arranged  with  a  huge  fly-wheel,  but  the  motor  took  up 
to  130  H.p.  at  every  weld  because  it  would  not  let  the  fly-wheel 
^et  a  chance.    The  shunt  motor  eventually  broke  down  and  was 
replaced  with  an  over-compounded  and  compensated  motor  of  the 
same  nominal  size,  80  h.p.,  but  actually  of  slightly  less  physical 
•dimensions.    Doing  the  same  work  as  before,  the  top  load  was  only 
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from  45  to  50  h.p. — all  because  the  welding  was  now  done  by  the 
fly-wheel,  and  the  motor  merely  kept  it  spinning,  the  speed  Tarr- 
ing through  some  15  per  cent,  or  so  in  each  cycle  of  operations. 
He  was  rather  surprised  that  the  Author  had  made  no  substantial 
reference  to  compensated  machines  which  were  ipar  excellence  the 
motors  for  spe^  variation  on  single  voltage  circuits,    and  for 
standing  great  overloads.     In  general,  for  speed  variation,   com- 
pensated motors  should  only  be  shunt  wound;  compound  ivinding 
was  out  of  place  on  compensated  motors,  unless  great  fluctuations 
of  load  were  to  be  dealt  with  by  means  of  a  fly-wheel     It  would 
be  agreed  by  all  really  conversant  with  the  subject  that  sncb  a 
schedule  of  applications  was  no  mere  empty  form,  each  particular 
winding  enabled  certain  corresponding  features  to  be  emphasised 
and  taken  advantage  of,  and  if  the  full  benefit  derivable   from 
motor  driving  was  to  be  developed,  the  question  of  windings  mast 
be  carefully  gone  into  beforehand.     This  brought  out  a  very  inter- 
esting point.      One  speaker  had  asked  why  the  Author  confined 
himself  to  direct  current  machines  only,  and  the  cmswer  was  simply 
that  there  was  substantially  only  one  class  of  polyphase  motor, 
the  constant  speed  class,  corresponding  veiy  closely  indeed  to  the 
shunt  wound  direct-current  motor.     The  essential  difference  be- 
tween direct  and  three-phase  motors  was  well  seen  here.     With 
direct  current  one  could  get  almost   any  desired  characteristic 
without  substantial  loss  of  efficiency,  while  with  polyphase  current 
there  was  only  the  motor  with  constant  speed — any  variation  of 
speed  demanded  was  accompanied  by   a  corresponding  drop   in 
efficiency— roughly  cent,  per  cent.;  hence  the  use  of  fly-wheels 
with  three-phase  motors  was  improper  unless  there  was  an  elastic 
or  slipping  connection  at  some  point  in  the  drive.     A  corollary 
was  that  gear  drives  on  fly-wheel  machines,  appropriate  with  over- 
compound  direct-current  motors,  would  be  a  failure  associated 
with   shunt -wound,  direct  -  current   or  polyphase   motors.      He 
desired  in  conclusion  to  thank  Mr.  Ker  for  his  paper. 

The  Chaibman  (Mr  E.  Hall-Brown,  Vice-President)  remarked 
that   the    question  of    motor   winding    was   far   more    difficult 
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^li.an  most  people  thought.  He  had  been  trying  for  some 
^ixne  to  get  a  price  for  driving  a  hydraulic  pump,  and  each  elec* 
tarician  that  had  come  into  his  place  had  told  differently  from  the 
pxTevious  one.  One  wanted  a  compound  machine  and  another 
^^^anted  a  simple  shunt  wound,  and  he  was  at  a  loss  to  find  which 
^^^as  which. 

Mr.  Spence  said  that  with  a  three-throw  pump,  taking  into 
a^scount  the  ordinary  commercial  length  of  connecting  rod,  the 
diiSerence  in  delivery  was  of  the  order  of  8  per  cent.  In  a  two- 
throw  double-acting  pump  the  variation  in  delivery  was  of  the 
order  of  28  per  cent.  These  variations  were  worth  taking  into 
account  in  figuring  out  a  motor. 

Mr  BiOHABD  A.  McLaren  (Member)  observed  that  his  firm  had 
some  welding  rolls  driven  by  a  motor,  and  he  would  like  to 
point  out  that  a  slight  difference  in  the  heat  of  the  tubes, 
as  they  came  through  the  rolls,  made  a  considerable  differ- 
ence in  the  power  required.  The  power  of  the  motor  in  question,, 
with  the  same  thickness  of  plate,  but  at  a  different  tempera- 
tare,  might  vary  from  65  h.p.  with  one  tube  up  to  120  h.p. 
with  the  next.  That  would  account  for  a  good  deal  of  the 
difference  referred  to  by  Mr  Spence,  apart  from  any  question 
of  the  design  of  the  motor. 

Mr  Spence  considered  that  would  not  account  for  it.  The  people 
who  were  running  the  80-h.p.  shunt  motor  were  in  miser}^ — they 
knew  the  thing  would  break  down,  and  just  about  the  time  the  new 
motor  was  delivered  it  did  give  out.  There  could  be  no  question 
about  the  correctness  of  the  powers  stated,  because  they  were  not 
based  on  single  observations  but  on  months  of  running  in  both 
cases. 

^r  M'Whirter  remarked  that  he  knew  the  motor  to  which 
Mr  Spence  referred,  and  his  explanation  was  the  right  one.  He 
had  seen  it  rolling  a  large  number  of  tubes,  and  the  difference  of 
temperature  did  not  account  for  the  differences  in  power  that  he 
had  witnessed.  The  variation  in  load  was  as  Mr  Spence  had 
given  it    It  was  not  always  the  same,  but  there  was  no  doubt 
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T?hatever  that  the  motor  wsis  very  badly  used  owing  to  tlie  type 
gf  winding. 

Mr  E.  Hall-Bbown  said  the  question  came  to  be,  where  did 
the  other  35-h.p.  go  ?  If  the  fly-wheel  gave  out  work  in  the  two 
seconds  during  which  it  was  doing  something,  it  must  have  taken 
up  work  in  the  fifty-eight  seconds  when  it  was  doing  nothin^^. 

Corrtsfondcnu, 

Mr   Geobge    Stevenson   (Associate   Member)  stated  that    a 
point  which  seemed  to  have  led  to  a  good  deal  of  controversy 
in  connection  with  the  Author's  paper  was  the  question  of   fly- 
wheels on  shunt  wound  motors.      He  thought  this  was  one  of 
those  cases  to  which  one  might  apply  the  platitude  that  <<it  y^aa 
all  right  in  theory  but  wrong  in  practice,"  at  least  that  had  been 
his  experience   in   connection   with  polyphase   motors,    driving 
machines  having  a  very  variable  load.     A  polyphase  motor  vras, 
of  course,  much  more  rigid  in  respect  to  speed  variation  than  the 
shunt  wound  d.c.  motor,  the  speed  being  dependent  only  upon 
the  periodicity,  and  the  variation  in  speed  with  variation  of  torque 
being  dependent  on  the  slip.     Naturally,  therefore,  one  would 
expect  that  the  Author's  remarks  regarding  the  application  of 
fly-wheels  to  shunt  wound  d.c.  motors  would  apply  with  greater 
force  to  the  case  of  the  polyphase  machine.     He  found,  however, 
that  in  practice  that  was  not  so.     He  had  a  case  where  a  poly- 
phase motor,  of  11  B.H.P.,  was  driving,  through  a  coil  friction- 
clutch,  a  mortar  mill  by  means  of  a  belt.     The  mill  was  fitted 
originally  with  the  usual  engine  and  fly-wheel,  and  when  changed 
to  electric  driving,  the  crank  disc  was  removed,  a  short  length  of 
countershaft  was  attached  to  the  existing  crank  shaft,  and  the 
fly-wheel  retained.     Being  desirous  of  finding  out  whether  the 
fly-wheel  was  required,  he  had  it  removed,  with  the  result  that 
continual  trouble  was  experienced  with  friction-clutch  slipping,  and 
the  fly-wheel  had  to  be  replaced.     He  might  say  that  the  slip  from 
no  load  to  full  load  in  this  motor  was  4  per  cent.      The  motor, 
however,  was  at  times  overloaded  to  the  extent  of  about  25  per 


USE   OF    ELECTRIC    MOTORS   FOR    MACHINE   DRIVING  317 

Mr  George  Steveneon. 

o^nt.,   but  he  thought    that  the   necessary  reduction  in   speed 
x^e  quired,  in  order  that  the  fly-wheel  might  give  up  its  energy^ 
^wsiS  due  to  slip  of  the  belt.      With  regard  to  the  question  of 
keeping  the  shunts  of  d.c.  motors  permanently  excited,  this  was 
a    matter  which  depended    altogether    on    the  type  of  starting 
S'witch   employed.       When  liquid  sta»rters    were    used,    it    was 
necessary  always  to  keep  the  shunts  on  or  else  to  provide  some 
ineans  of  breaking  the  shunt  with  safety — a  practice,  however, 
-^which  was  not  to  be  commended.      Where  liquid  starters  were 
used,  he  had  been  in  the  habit  of  coupling  up  a  few  incandescent 
lamps  in  series  across  the  shunt  coils,  and  found  this  quite  satis- 
factory.    He  had  had  a  great  deal  of  trouble  with  liquid  starting 
switches,  and  was  not  at  all  in  favour  of  using  them,  more  especi- 
ally at  pressures  of  500  volts.      Although  he  held  no  brief  for 
A.c.  motors,  he  could  not  help  saying,  in  conclusion,  that  these 
machines  were  very  much  more  satisfactory  in  every  way  than 
D.c.  motors.     They  were  simpler,  more  reliable,  and  more  robust 
than  the  d.c.  tj-pe.     They  cost  less  for  repairs  and  maintenance, 
and  were  altogether  more  of  an  engineering  job.      He  was  quite 
sure  that  all  engineers  who  had  had  any  experience  with  both 
classes  of  plant  would  support  his  view. 

Mr  W.  A.  Ker,  in  reply,  said  that  on  hearing  Mr  Klinkenberg's 
remarks  he  had  begun  to  think  that  he  must  have  been  very 
wrong  in  his  statements,  but  Mr  Spence's  observations  had 
restored  his  self-esteem  to  a  certain  extent.  Mr  Klinkenberg 
joined  issue  with  him  on  fourteen  different  points.  He  stated 
that  he  (Mr  Ker)  said  that  from  Fig.  1,  with  a  current  of  30 
amperes,  the  torque  of  a  shunt  motor  was  double  the  torque 
of  a  series  motor;  but  he  stated  that  with  a  current  of  30  amperes 
the  shunt  motor  field  was  fully  excited.  Of  course  it  was  fully 
excited  whatever  the  armature  current  might  be.  Then  he  went 
on  to  say  that  with  the  series  motor  where  a  current  of  96 
amperes  was  required  to  reach  maximum  field  strength  (he 
should  say  full  load  field  strength)  it  was  evident  that  the  motor 
started  with  a  very  much  weakened  field,  and  with  a  field  of 
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one-third  of  the  strength  of  the  shunt  motor,  the  series  motor 
exerted  half  the  torque  of  the  shunt  motor,  actually  proviof;  that 
the  torque  of  the   series  motor  with  the  same  conditions  was 
greater  than  the  shunt  motor.     What  did  Mr  Klinkenberg  mean 
by  "the  same  conditions?"  He  supposed  he  meant   "with    the 
same  armature  current?"    If  so  then  Mr  Klinkenberg  was   quite 
wrong,  and  on  a  little  reflection  would  probably  admit  that  he 
was.     With  an  exciting  current  of  one-third  the  normal  full  load 
current  the  field  of  a  series  motor  was  about  one-half  the  strength 
of  the  normal  full  load  field — not  one-third  the  strength  as  stated 
by  Mr  Klinkenberg ;  and  as  the  torque  of  any  motor  was  propor- 
tional to  the  armature   current  and   the  flux,  the  torque  of  the 
series  motor  was  then  one-half  the  torque  of  the  shunt  motor 
which  had  the  full  flux.     If  Mr  Klinkenberg  referred  to  Fig.  2  he 
would  see  that  one-third  of  the  ampere  turns  gave  about  one- half 
the  flux.     Mr  Klinkenberg  failed  to  see  that  the  Author  had  suc- 
ceeded in  proving  that  a  series  motor  had  higher  losses.    He  did  not 
attempt  to  prove  this ;  but  merely  stated  the  matter  as  a  well-known 
fact.    If  Mr  Klinkenberg  doubted  the  accuracy  of  the  fact,  he  wouid 
point  out  that   at  high   speed   the    brush   friction  and  bearing 
friction  varied  directly  as  the  speed  and  that  the  work  done  by  the 
motor  did  not  afifect  these  losses  unless,  of  course,  the  film  of  oil 
in  the  bearings  had  got  squeezed  out,  and  the  bearings  seized,  a 
condition  which  need  not  be  considered.     Also  the  windage  varied 
somewhat  as  the  square  root  of  the  cube  of  the  speed,  and 
therefore,  of  course,  increased  with  the  speed.   The  sum  of  the  eddy 
current  and  hysteresis  losses  was  much  the  same  at  any  speed 
The  total  loss,  however,  of  core  friction  and  windage  was  higher 
at  high   speeds  than  at  low    speeds,   but  he  did  not  think  it 
necessary  to  trouble  the  meeting  with  curves  plotted  to  actually 
show  that.     Mr  Klinkenberg  said:  ''The  conclusion  the  Author 
drew  from   Figs.    1    and   4,   that  motors  for  varying  speed  and 
constant  work  should  be  shunt  wound,   that  speed  regulation 
effected  by  means  of  resistance  switched  into  the  shunt  circuit 
should  be  used  *  with  a  speed  variation  of  9  to  1,*  was  surely  an 
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-exTTor."    Mr  Elinkenberg  had  misconstmed  his  meaning.     He  did 

noli  recommend  that  variable  speed  motors  having  a  range  of  9  to 

1.   should  be  used,  but  only  3  to  1.     He  would  not  recommend  9  to 

X  motors  in  every  case,  but  v^here  such  a  large  range  was  required, 

■oixd  the  voltage  of  supply  was  low,  it  could  be  easily  obtained 

^^rithout  sparking  from  well  designed  motors  of  standard  make 

^w^ithout  commutating  poles.    The  particular  motors  he  referred  to 

^^^ere  for  110  volts,  but  when  a  voltage  of  from  250  to  500  was  in 

•question  the  problem  was  much  more  difficult.     Mr  Elinkenberg 

stated  that,  only  one  or  two  of  the  largest  electrical  manufacturers 

roade  motors  with  a  speed  variation  of  4  to  1.     He  did  not  know 

if  the  largest  manufacturers  had  the  monopoly  of  brains  in  the 

electrical    engineering    world.      He  thought  they    were    rather 

hampered  by  their  patterns  and  designs,  and  that  some   of  the 

best  and  most  advanced  work  had  been  turned  out  by  quite  small 

shops.     Mr  Hinkenberg  did  not  agree  with  him  that  a  fly-wheel 

was  of  no  practical  effect  on  a  shunt  motor,  and  stated  that  as  a 

laatter  of  fact  the  minimum  variation  of  speed  between  no  load 

and    full    load    was    5  per  cent.,    and    more    generally   8  per 

cent.      He  did  not  know  what   motors  Mr   Klinkenberg    was 

accustomed  to,  but  they  must    be  most    inefficient.     He    had 

been  privileged  by  a  manufacturer  of  flrst-class  motors  to  take 

particulars  and  tests  from  a  number  of  standard  machines  in  his 

works,  and  he  had  worked  out  the  results.     In  order  not  to  get 

results  too  favourable  to  his  own  view  of  the  matter,  he  did  not 

take  any  motor  over  50  h.p.,  and  he  found  the  reduction  of  speed 

from  no  load  to  full  load  to  be  as  follows: — 


18  H.P. 

motor 

3-9  per  cent 

20    „ 

It 

3-5 

24    .. 

,j 

3-6 

38    „ 

>> 

2-1 

40    „ 

It 

1-8 

50    „ 

tt 

2-7 

These  motors  were  wound  for  voltages  varying  from  250  to  500. 
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That  gave  a  maximum  variation  of  speed  in  the  worst  case  from 
no  load  to  full  load  of  3*9  per  cent  instead    of  8   per   cent 
mentioned  bj'  Mr  Klinkenberg.     These  figures  were  taken  with  ^ 
constant  voltage  at  the  terminals.     Mr  Klinkenbei^  suggested 
that  with  a  sudden  load  there  would  be  a  decrease  in  voltage. 
That  decrease  should  be  very  slight,  and  as  it  weakened  the  motor 
fields  the  decrease  in  flux  tended  to  increase  the  speed  of  the 
motor,  and  to  compensate  for  the  small  drop  in  voltage.     Under  the 
worst  conditions  then,  from  no  load  to  full  load,  with  a  good  shnn^ 
motor   there  was  a  drop  in  speed  of  4  per  cent.:  the  fly-wheel 
would,   therefore,  give  out  about  8  per    cent,    of    its    ener^gr- 
These  conditions  never  occurred  in  practice,  as  a  motor  never  ran 
at  no  load,  but  always  had  some  work  to  do  even  when  the  machine 
it  drove  ran  idle,  and  the  variation  of  speed  of  a  shunt  motor  rarely 
exceeded  2  per  cent.,  rendering  a  fly-wheel,  in  his  opinion,  useless. 
Mr  Klinkenberg  defended  the  inquiry  quoted  by  him  "  supply  one 
10  H.p.  shunt  wound  motor  for  600  volts,  at  900  revolutions  per 
minute,   with  a  two-feet  fly-wheel."     He  said  "that  gave   the 
manufacturer  practically  all  the  information  he  wanted — he  knew 
that  a  10  H.p.  motor  was  required ;  the  motor  was  to  be  shunt 
wound,  that  was  to  say,  the  manufacturer  had  to  exert  himself  to 
build  a  shunt  wound  motor,  capable  of  exerting  sufficient  torque, 
fitted  with  a  fly-wheel,*'      That  appeared  to  him  an  odd  way 
of  looking  at  it.     The  motor  was  to  do  very  variable  work  or 
the  fly-wheel   would  not  be  required.     The  manufacturer  was 
given  the  diameter  of  the  fly-wheel   which  was  to  run  at  full 
load  at  900  revolutions  per   minute,  but  the   diameter  of  the 
fly-wheel  and  the  speed  did  not  give  the  value  of  the  energy 
which  was  required  to  be  stored  in  that  fly-wheel.     For  that  three 
dimensions  and  the  velocity  were  required.     Any  fly-wheel  fitted 
without  careful  calculation  as  to  the  work  it  had  to  do  was 
not  likely  to  do  credit  to  the  manufacturer.     There  were  a  good 
many  manufacturers  and  contractors  of  Mr  Klinkenberg's  way  of 
thinking,   as  he  had  found  to  the  benefit  of  his  pocket.     Mr 
Klinkenberg  confused  the  issue  regarding  the  advantage  of  the 
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«l^xint  motor  over  the  series  motor  for  acceleration  by  referring  to 
tiircbinway  cars,  and  suggested  that  all  the  series  motors  should 
be   scrapped.     He  distinctly  stated  that  it  vras  only  for  currents 
less  than  the  full  load  current  that  the  shunt  motor  had  the 
advantage.    Car  motors  had  starting  currents  much  in  excess 
of  the  full  load  current,  and  the  series  motor  had  a  larger  torque 
at  starting.     There   were,   of  course,  a  considerable  number  of 
sbiant  car  motors  at  work  with  great  success,  the  economy  in 
energy  being  considerable.      These    were    on    Bayworth's  and 
Johnson-Lundell  regenerative  systems.     Mr  Elinkenberg  did  not 
agree  with  his  suggestion  to  use  the  shunt  coils  in  a  reversible 
motor  continuously  excited  owing  to  economical  reasons,  and  he 
instanced  the  loss  by  doing  so  in  a  passenger  lift.     He  did  not 
recommend  doing  this  in  a  passenger  lift,  as  it  was  quite  un- 
necessary, and  it  was  only  in  machines  where  very  small  move- 
ments were  required  that  he  should  advise  it.     Mr  Klinkenberg 
suggested  that  the  shunt  current  was  from  5  per  cent,  to  B 
per  cent — he  supposed  he  meant  a  percentage  of  the  full  load 
current.      These    figures    confirmed    his    opinion  that  he   was 
accustomed  to  very  inefficient  motors.     The  shunt  coils  of  the 
six  motors  he  tested,  and  of  which  he  had  just  given  the  speed 
reduction,  varied  from  1*02  per  cent,  to  2*44  per  cent,  of  the  full 
load  current — a  very  different  thing  from  Mr  Klinkenberg's  8  per 
cent.     He  also  found  that  the  shunt  current  of  a  5  h.p.  motor  was 
under  6  per  cent.,  and  of  a  2  h.p.  motor  under  8  per  cent.,  so  that 
even  with  these  small  sizes,  as  the  current  was  so  small,  8  per 
cent,  of  it  was  decidedly  trifling.     Mr  Klinkenberg  thought  it 
a  source  of  danger  to  keep  the  shunt  continuously  excited ;  the 
danger,  however,  was  not  in  keeping  it  excited  but  in  breaking 
the  circuit,  and  it  was  surely  less  dangerous  to  break  the  circuit 
once  a  day  than  it  was  to  break  it  20  or  30  times  an  hour. 
Of    course,     in    either    case    proper    arrangements    must    be 
made  to    allow  of  the   discharge  of  the  current  due    to    the 
induced    voltage.     He  was  glad  to  hear  of  Mr  Klinkenberg's 
experience  with  an  installation   of  four  100  h.p.  motors  which 

21 
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broke  down,   as    he  mentioned  that  the  armature    coUs    vtere 
destroyed    by  breakmg^    the    shunt  circuit      There  were   some 
engineers  who  believed  that  the  induced  voltage  from  the  shunt 
could  not  affect  the  armature  even  though  one  of  the  armature 
leads  was  connected  to  the  shunt,  and  he  knew  of  one  case  where 
a  manufacturer  had  two  armatures  damaged  in  this  way  owing  to 
faulty  starting  switches,  which  broke  the  shunt  circuit  without 
providing  a  path  for  the  discharge.    These  switches  and   the 
wiring  had  been  fitted  by  the  owner,  and  the  manufacturer  of  the 
motors  disclaimed  liability.     The  case  went  to  arbitration,  and 
was  given  against  the  manufacturer ;  the  consulting  engineer,  who 
acted  as  arbiter,  maintained  that  the  field  coil  could  not  possibly 
affect  the  armature.     In  his  own  experience  he  had  three  times 
known  the  armature  destroyed  by  field  coil  discharge,  and  he 
was  glad  to    have    his  experience  confirmed    by  Mr   Klinken- 
berg,     Mr  E^inkenberg  stated  that  his   claim  for  a  constantly 
excited  field  bringing  the  armature  quickly  to  a  standstill  was 
erroneous  and  that  the  residual  current  in  the  field  magnets 
was   more  than   sufficient  to    bring    the    largest    motor   to   an 
instantaneous  stop.     Apart  from  actual  experiments  and  general 
practice  which  confirmed  his  statement :    How  could  that  possibly 
be  ?     The  residual  current  was  dying  down  from  a  maximum  to 
zero,  whereas,  with  constantly  excited  fields  the  fiux  was  constant 
at  a  maximum  all  the  time.      Of  course,  if  Mr    Klinkenberg 
meant  by  saying  **  It  is  quite  easy  to  utilise  the  residual  current " 
that  he  disconnected  the  armature  from  the  line  and  put  it  ia 
series  with  the  fields  so  that  the  armature  voltage  excited  the 
fields,  that  was  simply  the  armature  brake  which  he  referred  to 
on  page  295,  but  not  so  effective  as  if  the  fields  were  permanently 
excited  and  the  armature  braked  through  a  separate  resistance. 
Mr  Klinkenberg  also  stated  that  no  more  power  was  required 
for  planing  cast  iron  or  steel  than  for  planing  wood,  as  the  same 
sudden  loads  came  on  in  each  case.     Probably  those  present 
knew  from  their  own  experience  that  that  was  not  so.     Wood 
planers  seldom  took  more  than  15  h.f.,  whereas  iron  planers 
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often  took  from  40  to  60  h.p.    The  load  at  reversal  of  the  table 
of   an  iron  planing  machine  was  often  from  50  to  100  per  cent 
o^er  the  load  when  cutting,  whereas,  with  a  wood  planer  the 
-variation  of  load  was   comparatively  small.      Mr    Elinkenberg 
-stated    that    he    (Mr   Ker)    recommended    a    compound    motor 
for  a  shipyard  winch,  while  for  a  skull  breaking  winch  and  a 
three-motor  crane  he  recommended    a    series    motor.      If    Mr 
IiQinkenberg  referred  to  page  298,  he  would  see  that  for  a  three- 
motor    travelliDg    crane    he   (Mr    Ker)   recommended    a    series 
motor  only  in  places  where  rough  work  was  carried  out,  and  no 
nicety  of  handling  was   required.      Later  on   Mr   Klinkenberg 
alluded  to  a  motor  on  a  travelling  crane  being   coupled  to  a 
self-locking  worm.     That  type  of  travelling  crane  was  compara- 
tively rare,  owing  to  its  inefficiency,  and  for  which  it  did  not 
matter  what  type  of  motor  was  employed,   as  the   friction   at 
starting  was  so  great  that  a  large  current  was  required.      For 
the  travelling  crane  with  spur  gearing,  however,  the  current  at 
starting  to  lower  was  very  small,  and  the  large  torque  of  the 
compound  motor  with  small  current  enabled  the  load  to  be  con- 
trolled much  more  easily.     Mr  Elinkenberg  asserted  that  he  had 
somewhere  recommended  the  use  of  additional  series  windings 
to  assist  the  shunt  field.     He  had  looked  carefully  through  his 
paper,  and  he  could  not  discover  that  he  had  said  that  or  any- 
thing like  it,  and  it  was,  of  course,  contrary  to  the  recommenda- 
tions which  he  had  advanced.     Mr  Klinkenberg  further  observed 
that  he  had  recommended  for  centrifugal  and  reciprocating  pumps 
a  shunt  wound  motor,  but  in  the  same  sentence  stated  that  for 
pumps  at  a  distance  series  wound  motors  should  be  used.     Again 
Mr  Klinkenberg  had  failed  to  read  his  paper  correctly.     In  one 
paragraph  he  (Mr  Ker)   recommended  that  centrifugal  pumps 
should  be  fitted  with  shunt  wound  motors,  and  in  another  para- 
graph he  recommended  the  same  motor  for  reciprocating  pumps, 
and  said  that  for  reciprocating  pumps  at  a  distance  a  series  wound 
motor  would  be  best,  owing  to  two  cables  only  being  required. 
Surely  two  cables  were  better  than  three,  as  there  was  a  lower  first 
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oost  and  less  liability  to  derangement,  and,  if  other  things  were 
equal,  surely  Mr  Klinkenberg  did  not  object  to  saving  money.     Mr 
Elinkenberg  posed  apparently  as  a  champion  of  the  series  motor, 
yet  when  he  (Mr  Ker)  recommended  it  he  promptly  fell  foul  of 
him.    Mr  Elinkenberg  closed  by  expressing  regret  that  he  had 
not  discussed  the  question  of  motors  for  steel  rolling  mills  and 
mining  and  other  apparatus.     The  subject  of  the  paper  was — 
Motors  for  driving  machine  tools,  and  although  he  had  stretched 
it  to  include  cranes,  hoists,  and  pumps,  he  had  not  the  conscience 
to  include  winding  drums,  coal  cutters,  eta,  among  machine  tools, 
and  it  was  perhaps  as  well  that  he  had  not  done  so,  as  Mr  Klinken- 
berg had  succeeded  in  finding  fourteen  points  upon  which  he  had 
joined  issue  with  him  in  the  paper,  short  as  it  was,  and  it  was 
possible  he  might  have  found  several  times  as  many  in  a  longer 
paper,     Mr  M'Whirter  had  made  some  kind  remarks  of  com- 
mendation, and  referred  to  Mr  Klinkenberg's  criticism  regarding 
tramway  cars,   and  answered    him    very  efifectively.      He   was 
pleased  to  hear  that  Mr  M^Whirter  agreed  vrith  him  with  regard 
to  the  use  of  compound  motors  for  lifts.      Professor  Jamieson 
had  treated  him  very  gently  in  his  lecture  upon  the  improper 
use  of  terms,  what  he  might,  to  use  the  political  language  of  the 
moment,   express  as   "terminological  inexactitudes.*'      He  was 
afraid  that  if  the  Professor  had  known  that  some  twenty  years 
ago  he  was  one  of  his  students  he  would  not  have  been  so  lenient 
with  him.     His  excuse  must  be  that  he  had  the  advantage  of 
being  under  him  one  session  only,  and  had  not  time  to  absorb 
his  accuracy.     The  terms  which  he  had  used  in  this  paper  were 
those  which  he  had  been  in  the  habit  of  using  in  the  workshop 
and  drawing  oflBce  for  over  twenty  years,  and  they  were,  he 
believed,  in  common  use.     Therefore  he  thought  it  better  to  retain 
the  well-known  terms  and  not  introduce  new  ones.     Professor 
Jamieson  objected  to  his  use  of  the  phrase  "magnetic  flux  per 
pole."     He  would  be  very  glad  if  the  Professor  could  give  any 
term  which   could  express  this   accurately,   as  the  sentence  he 
proposed  was  somewhat  long   for  common  use,  and  everybody 
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Icnew  that  flux  per  pole  was  the  flux  radiating  from  the  pole 
^v^hich  entered  the  core  and  not  flux  per  magnet.     Professor 
Jamieson  also  objected  to  the  use  of  the  term  ''  saturation  curve  " 
for  the  beta  ampere-turn  curves  shown  in  Fig.  2,  and  suggested 
that  it  was  an  ordinary  magnetisation  curve.     To  his  mind  a 
magnetisation  curve  was  one  which  had  the  ordinates  represent- 
ing beta,  and  the  abscissae  representing  H ;  Fig.  2,  had  ampere 
turns  instead  of  H,  and  this  as  great  an  authority  as  Professor 
Silvanus  Thompson  habitually  called  a  saturation  ciunre.    Professor 
Jamieson  mentioned  Professor  Swing's  experiments,  and  the  high 
degree  of  intensity  of  magnetisation  reached.     He  believed  thai 
there  was  no  saturation  point  whatever  of  any  magnetic  material, 
that  if  sufficient  magnetising  force  was  applied  the  magnetic 
material  behaved  like  a  similar  mass  of  air,  and  it  was  generally 
thought  that  there  was  no  saturation  point  for  air.     He  was  glad 
that  Professor  Jamieson  approved  in  certain  cases  of  constantly 
exciting  the  field  coils  of  shunt  wound  machines,  especially  for 
the  purpose  of  keeping  them  dry.     It  was  a  precaution  he  had 
adopted  on  a  good  many  occasions,  and  had  never  had  any 
trouble  from  breaking  the  shunt  circuit,  as  appropriate  switches 
and  resistance  were  provided.     He  quite  agreed  with  Professor 
Jamieson,  however,  that  each  case  must  be  considered  on  its  own 
merits.     Mr  Spence  referred  to  the  speed  range  of  simple  variable 
speed  motors  with  shunt  control,   and  considered  5  to  1   the 
greatest  variation  that  was  practicable;  but  he  (Mr  Ker)  thought 
that  even  5  to  1  was  sometimes  difficult  to  obtain,  as  so  much 
depended  on  the  limits  of  speed.     With  low  voltage  machines  it 
was  much  easier  to  obtain  a  large  variation  than  with  high  vol- 
tage.   From  the  cash  point  of  view  Mr  Spence  did  not  quite  agree 
with  his  remarks  regarding  the  multiple  voltage  system,  which  he 
had  dismissed  in  a  very  short  sentence  along  with  other  systems. 
He  quite  agreed  with  Mr  Spence  that,  with  a  large  number  of 
motors,  in  which  a  considerable  variation  of  speed  was  required, 
the  multiple  voltage  system  could  be  applied  more  cheaply  and 
nearly  as  effectively  as  a  number  of  variable  speed  motors  with 
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shunt  control.     The  increase  or  decrease  of  speed  ^vitb   thai 
system  was  not  so  smooth  as  with  shnnt  control,  (with  a  lai^ 
number  of  contacts  on  the  control  switch),  and  consisted  of  a 
number  of  steps.     In  his  experience  of  that  system  he  had  fonxid 
that  though  for  one  particular  load  the  change  of  voltage  was 
smooth,  for  any  other  load  it  caused  jerks  in  the  machine,  to  the 
detriment  of  the  work.     He  had  also  found  a  difficulty   in  the 
automatic  balancing,  especially  when  overtime  was  being  worked 
on  one  class  of  job  only,  the  rest  of  the  motors  being  idle.      The 
shunt  control  motor  was  not  subject  to  these  drawbacks,   and 
taking  the  cost  of  controllers,  cables,  etc.,  into  account,  it  was 
only  slightly  higher  in  first  cost  even  in  a  big  installation.      With 
regard  to  the  remarks  by  Mr  M'Laren,  and  the  discussion  upon 
them  by  Mr  Spence,  Mr  M'Whirter,  and  Mr  Hall-Brown,  he  w^as  of 
opinion  that  the  apparent  discrepancy  could  be  partly  explained 
thus.     The  original  shunt  wound  motor  ran  at  almost  constant 
speed  even  when  welding,  the  overload  being  large.    The  over- 
compounded   motor,  on  the  contrary,  ran   15  per  cent,  slower 
during  the  weld,  the  welding,  therefore,  took  a  longer  time,  and 
the  motor  put  more  work  into  the  weld  than  appeared  at  first 
sight.     Undoubtedly  the  motor  would  have  to  restore  the  energy 
given  out  by  the  fly-wheel,  and  must,  therefore,  take  a  larger 
current  between  welds  than  the  original  shunt  motor.     He  had 
read  Mr  George  Sfcevenson's  contribution  with  interest;  but  he  did 
not  consider  that  the  case  cited  was  contrary  to  his  contentions. 
He  agreed  that  the  polyphase  motor  was  even  more  constant  in 
speed  than  the  shunt  motor,  and  with  the  mortar  mill  in  question 
a  friction  clutch  and  a  belt  had  been  adopted,  presumably  with  a 
view  to  their  slipping  qualities,  so  that  it  was  not  surprising  that 
they  did  slip.    With  the  fly-wheel  removed,  the  friction  clutch 
slipped  as  soon  as  the  resistance  of  the  mill  became  excessive, 
relieving  the  motor  of  a  heavy  overload,  and  allowing  the  heavy 
runners  of  the  mill  to  give  up  some  of  their  energy  (fly-wheel 
effect),  owing  to  the  reduced  speed  of  the  mill.    With  the  fly- 
wheel replaced,  its  effect  was  added  to  that  of  the  runners,  so  that 
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a  less  reduction  of  speed  of  mill  was  able  to  overcome  the  resist- 
ance, and,  consequently,  less  slipping  of  the  clutch.  He  con- 
sidered that  this  case,  far  from  being  ''all  right  in  theory;  but  all 
-wrong  in  practice,"  formed  an  instructive  object  lesson  confirming 
his  statement.  His  contention  was  in  effect  that  to  use  a  fly-wheel 
effectively  it  was  necessary  to  cause  a  reduction  of  speed  of  the 
"driver,"  when  the  load  came  on.  In  the  mortar  mill  the  "driver" 
was  the  driven  part  of  the  friction  clutch,  and  it  was  allowed  to  slip 
by  adjusting  the  pressure  so  that  the  friction  was  not  sufficient  to 
transmit  more  than  a  predetermined  torque.  If  the  friction  clutch 
had  been  of  ample  design  so  that  the  wear  was  small,  there  would 
probably  be  no  objection  to  it  slipping,  and  it  would  fulfil  the  first 
object  of  its  existence.  With  a  compound  wound  motor  the  series 
winding  caused  automatically  the  reduction  of  speed  of  the  "driver*' 
without  the  loss  represented  by  the  friction  of  the  clutch  with  the 
three  phase  motor  in  question. 

On  the  motion  of  the  Chairman,  Mr  Ker  was  awarded  a  vote 
of  thanks  for  his  paper. 


EEFU8B  DE8TEUCT0ES. 
By  Mr  H.  Nobman  Lease  (Manchester). 


SEE    PLATES   XVII.   AND    XVUI. 


Bead  20th  March,  1906. 


Within  the  last  five  years  a  great  deal  has  been  written  on  the 
subject  of  the  disposal  of  towns'  refuse  by  fire  and  the  utilisation  of 
the  resultant  by-products.  The  more  technical  points  have  not, 
however,  received  the  same  attention,  and  it  is  in  this  direction 
the  Author  intends  to  confine  his  remarks. 

To  those  more  particularly  interested,  from  an  historical  stand- 
point, the  Author  cannot  do  better  than  refer  them  to  that 
excellent  and  instructive  treatise,  "Destructors  and  Disposal  of 
Towns*  Eefuse,"  by  Mr  W.  H.  Maxwell,  wherein  the  subject  is 
dealt  with  at  considerable  length,  also  to  various  papers  on  the 
subject  by  Mr  Charles  Jones.  As,  however,  the  annals  of  this 
Institution  do  not  record  a  paper  on  the  subject,  the  Author  feels 
that  it  would  be  out  of  place  to  enter  into  technical  questions 
without  making  some  reference  to  the  history  and  the  evolution 
of  types  of  furnaces. 

Ancient  history  records  that  the  Jews,  Bomans,  and  Greeks,  also 
the  natives  of  India,  employed  fire  for  the  purification  of  wastes. 

Mr  Maxwell  draws  attention  to  a  rather  peculiar  find  recorded 
in  Lucian's  "  Ancient  Eome  in  the  Light  of  Eecent  Discoveries," 
viz.,  a  pillar  amongst  the  antiquities  of  ancient  Eome  bearing  the 
inscription,  "  Take  your  refuse  further  on  or  you  will  be  fined." 
It  would  appear,  according  to  another  author,  that  Christians 
gave  up  burning  refuse  about  the  fourth  century. 

It  has  come  to  the  notice  of  the  Author  that  the  refuse  of  the  city 
of  Cairo  has  been  employed  for  centuries  to  heat  the  Turkish  baths 
in  that  city.  This  is  probably  the  earliest  known  utilisation  of  the 
heat  from  the  combustion  of  refuse. 
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A^bont  1860  contractors  for  the  collection  and  disposal  of  refuse 

ixL  Uie  metropolitan  district  found  it  difiicnlt  to  secure  land  within 

-&   reasonable  distance  of  the  collecting  area,  and  they,  therefore, 

1>Turiied  their  attention  to  burning  the  same.     To-day  the  same 

cLifficulty  is  no  doubt  the  cause  of    many  authorities   erecting 

'd^eetructors. 

The  original  furnaces  were  very  crude,  and  failed  to  cope  with 
thie  quantity  of  refuse  to  be  burned.  One  of  the  main  reasons,  as 
pointed  out  by  Mr  Godrington,  of  the  Local  Government  Board, 
"w^as  the  deficiency  of  flue  area,  viz.,  about  3  square  feet  of  flue  to 
110  square  feet  of  grate.  The  first  furnace  which  at  all  met  the 
requirements,  was  invented  by  Mr  Fryer,  of  the  firm  of  Man- 
love  &  Alliott,  of  Nottingham,  about  1876.  Figs.  1  and  2  are 
^ews  of  published  illustrations  of  this  furnace.  Beference  to 
JE^gs.  4,  5,  6,  7,  and  8,  will  testify  to  a  family  likeness  existing 
between  this  furnace  and  certain  furnaces  before  the  public  at  the 
present  time.  The  **  Fryer  "  type  of  furnace  seems  to  have  held 
the  field  for  more  than  ten  years  without  any  rival,  and  there 
is  existing  today  many  installations  of  this  type.  The  first 
was  erected  in  Manchester  about  1876,  and  subsequently  Bir- 
mingham, Leeds,  and  Bradford,  imitated  Manchester  in  rapid 
succession. 

A  furnace  which  created  considerable  attention  about  1885  was 
Jmown  as  the  **  Beehive,"  Fig.  3.  This  furnace  was  supposed  to 
■deal  vrith  thirty-six  tons  of  refuse  per  day  of  twenty-four  hours. 
To  appearance  it  was  constructionally  weak,  and  could  never 
satisfactorily  deal  with  that  quantity.  It  is  of  interest,  however, 
to  note  that  its  cost  was  £443.  Contrast  this  with  a  modem 
up-to-date  furnace,  capable  of  dealing  with  the  same  quantity, 
which  would  probably  cost  a  sum  of  £4,000,  complete  with 
buildings. 

Combustion  in  these  early  plants  was  slow  and  imperfect,  and 
it  was  found  necessary  to  introduce  an  independent  coke  fired 
furnace  in  the  path  of  the  flue  gases  in  order  to  re-ignite  the 
products  of  combustion  from  the  furnaces ;  this  device  was  known 
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as  '<  Jones'  Fume  Oremator/'  and  was  inirodnoed  about  1885. 
Abon^  this  time  Mr  Yoong,  of  Glasgow,  arranged  a  destmefeor 
with  closed  ashpit,  and  by  a  powerful  fan  facilitated  oombiiatian. 

The  first  serious  competitor  to  the  "  Fryer  "  type  of  fumaoe  was 
the  ''Horsfair*  destructor,  first  patented  about  1887,  Figs.  4  ajid5, 
the  latter  being  a  more  modern  example.  It  would  appear  thai  Mr 
Horsfall  supplied  the  air  for  the  support  of  combustion  in  his 
furnaces  by  means  of  a  steam  jet  apparatus — Warner's  "Per- 
fectus/'  Fig.  No.  6  followed,  patented  in  1888.  This  fumaoe  wa& 
an  offshoot  of  the  Fryer  type  as  manufactured  by  the  fiixn  of 
Manlove,  Alliot  &  Co.,  Nottingham. 

In  1891  there  were  some  200  cells  at  work  in  the  United  King- 
dom destroying  about  500,000  tons  of  refuse  annually. 

About  1893  many  forms  of  furnaces  were  patented,  but  do  not 
seem  to  have  been  usefully  employed.  Those  which  survive  are 
referred  to  below,  and  amongst  them  may  be  mentioned  an  arrange- 
ment which  has  been  installed  in  a  number  of  places,  perhaps  the 
most  important  example  being  the  plant  erected  at  Shoreditch,. 
which  consists  of  a  water-tube  boiler  sandwiched  between  two- 
cells  (these  latter  resembling  the  Fryer  type)  in  combination  with 
a  special  storage  and  charging  device  (Bulnois  &  Brodie's),  Figs.  7 
and  8.  In  the  same  year  the  Beaman  &  Deas  furnace  was  patented. 
Fig.  9.  In  1894  Messrs  Meldrum  Bros,  patented  their  well  known 
"  Simplex  "  type.  Figs.  10  and  11. 

The  "Heenan"  destructor,  as  now  constructed.  Fig.  13,  waa 
evolved  from  furnaces  patented  in  1893.  Fig.  12  shows  the 
**  Heenan  "  twin-cell  furnace  as  it  was  at  first  constructed,  about 
1898,  the  idea  being  to  have  two  cells,  each  charged  alternately, 
and  to  alternate  the  flow  of  the  products  of  combustion  so  that 
the  outlet  was  always  over  the  incandescent  fire.  The  idea  of  the 
maintainance  of  a  damper  in  the  hottest  zone  had  to  be  abandoned, 
but  it  was  found  that,  by  introducing  a  deflecting  arch  and  a  single 
opening  in  the  reverberatory  arch  the  same  effect  could  be 
obtained.  Figs.  13  and  14  show  the  ''Heenan"  destructor  as  now 
constructed  for  back  feeding. 
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AboQt  19Q1,  the  **  Sterling  "  destraotor,  Fig.  15,  was  put  on  the 
market,  and  has  since  met  with  some  favour.  These  four  latter 
furnaces  may  be  said  to  have  a  family  resemblance,  and  form 
a  second  group,  whilst  those  mentioned  previously  belong  to 
another  distinct  family  or  group.  The  prevailing  feature  of  the 
first  group  may  be  said  to  be  isolated  cells,  that  is  a  number  of 
grates  each  in  a  separate  chamber,  the  latter  communicating  with 
a  secondary  combustion  chamber  by  small  passages  or  ports; 
Mrhilst  that  of  the  second  group  is  a  primary  combustion  chamber 
common  to  a  number  of  grates  with  a  single  outlet  to  a  secondary 
combustion  chamber,  each  grate  having  a  separate  closed  ashpit. 

The  call  for  better  sanitary  measures  on  the  Continent,  and  in 
fact  all  over  the  world,  has  given  an  impetus  to  the  construction 
of  furnaces  by  foreign  makers,  notably  in  Germany  and  Belgium. 
Lately  a  competition  was  held  in  Brussels,  and  no  less  than  five 
new  makers  of  destructors  submitted  schemes,  four  German  and  one 
Belgian.  No  doubt  these  furnaces  are  largely  based  on  British 
practice,  and  it  is  also  fairly  certain  that  British  engineers  dealing 
with  the  question  will  have  to  regard  German  engineers  as  worthy 
rivals  at  no  far  distant  date. 

The  larger  proportion  of  early  destructor  plants  in  England 
was  operated  by  natural  draught,  and  the  rate  of  burning  does  not 
appear  to  have  exceeded  six  tons  per  day  of  twenty-four  hours  on  a 
grate  area  of  about  thirty  square  feet.  About  the  year  1894  forced 
draught  was  first  applied  systematically  to  refuse  furnaces,  and  a 
much  higher  burning  capacity  with  higher  temperatures  were 
obtained. 

It  is  only  fair  to  the  memory  of  Mr  Fryer  to  say  that 
he  foresaw  the  use  of  forced  draught  and  heated  air  supply. 
Anyone  doubting  the  advantage  of  the  use  of  mechanical  means 
for  supplying  the  air  for  the  support  of  combustion,  cannot  but 
be  struck  by  the  increase  in  the  rate  of  burning  and  conse* 
quent  higher  temperatures  obtained  in  the  destructor  field  by 
this  means.  The  rate  of  burning  has  now  gone  up,  and  60  lbs. 
per  square  foot  of  grate  area  per  hour   is  quite  common,  and 
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has  even  passed  85  lbs.;  temperatures  also  have  risen  from  a 
mean  of  perhaps  800  degrees  F.  to  a  mean  of  nearly  2000 
degrees  R,  in  some  cases  rising  higher  than  3000  degrees  F. 
Water  evaporated  per  lb.  of  refuse  has  also  risen  from  nil  to  over 
2^  lbs.  from  and  at  212  degrees  F. 

It  is  to  be  clearly  understood  that  the  aforementioned  figures  are 
merely  diagrammatic,  and  that  no  attempt  has  been  made  to 
elaborate  the  details  which  are  no  doubt  well  worked  oat  in  all 
plants  on  the  market  at  the  present  time,  nor  has  the  Author 
attempted  to  describe  the  furnaces  in  detail,  as  he  feels  that  he 
could  not  do  full  justice  to  any  type  but  the  Heenan,  for  which  he 
is  largely  responsible. 

As  might  be  expected,  towns'  refuse,  that  is  trade  and  domestie 
refuse,  varies  according  to  the  latitude  and  longitude  and  the 
habits  and  customs  of  the  people  in  various  countries,  it  also 
varies  with  the  season  of  the  year,  and  therefore  it  is  not  one  of 
the  easiest  materials  to  deal  with.  In  the  South  of  England 
towns  there  is  collected  from  10  to  15  cwts.  per  1000  inhabitants 
per  day,  in  the  Midlands  it  can  be  taken  as  20  cwts.,  and  in  the 
north-east  of  England  the  quantity  may  rise  as  high  as  40  cwts. 

One  very  good  indication  of  the  nature  of  refuse  in  various  parts 
of  the  world  is  the  percentage  of  mineral  matter  it  contains.  In 
England  the  average  percentage  is  somewhere  about  27,  on  the 
Continent,  it  appears  to  rise  to  over  45,  while  at  an  installation 
lately  erected  in  New  York  the  percentage  of  clinker  is  only  3, 
after  sorting,  60  per  cent,  of  the  refuse  being  removed  and 
sold.  In  Australia  it  is  about  from  25  to  30  per  cent.  Another 
clear  indication  of  how  refuse  varies  in  various  places  is  the 
widths  of  the  air  spaces  through  the  grates.  In  England 
the  air  spaces  are  commonly  between  one-eighth  and  three- 
eighths  of  an  inch,  in  America,  at  the  installation  referred  to 
above,  the  bars  are  spaced  seven-eighths  of  an  inch  apart, 
while  on  the  Coutinent,  one  of  the  best  German  destructors  has 
no  grate  bars,  but  merely  cast  iron  plates  with  small  holes  at 
intervals  of  about  four  inches.    Again,  in  Britain,  forced  draught 
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is  resorted  to,  and  the  average  pressure  would  be  about  two 
inches  of  water  column  m  the  ash>pit.  In  the  New  York  installa- 
tion natural  draught  is  employed,  whilst  on  the  Continent  a 
pressure  equivalent  to  something  like  from  twelve  to  fifteen 
inches  has  been  used. 

The  destruction  of  refuse  is  nothing  more  or  less  than  the  com- 
bustion of  poor  fuel.  The  difBculties  to  be  faced  arises  out  of  the 
abnormal  quantity  of  mineral  matter,  the  high  percentage  of 
moisture  and  the  relatively  small  quantity  of  combustible  matter 
contained  in  the  fuel. 

The  manner  in  which  the  problem  has  been  solved  may  be 
divided  into  two  distinct  groups,  as  already  stated  the  distinctive 
feature  of  the  earlier  one  being  the  division  of  the  furnace  into  a 
number  of  isolated  chambers,  generally  called  cells,  the  other 
making  provision  for  a  furnace  chamber  common  to  a  number  of 
grates.  The  Author  would  submit  as  incontrovertible  that  the 
latter  type  has  given  the  better  results  from  the  standpoint  of 
high  temperatures,  more  regular  maintainance  of  the  same,  and 
more  complete  combustion  with  a  consequent  higher  evaporative 
efficiency. 

It  is  claimed  for  the  isolated  system  that  repairs  can  be  carried 
out  without  affecting  the  operation  of  the  adjacent  furnaces ;  this,, 
however,  appears  doubtful  if  the  adjacent  furnaces  are  in  full  work^ 
as  it  is  by  no  means  uncommon  to  find  the  firebrick  linings  red 
hot  at  a  depth  of  nine  inches  from  the  working  furnace  face,  and 
almost  impossible  to  bear  one's  hand  on  a  wail  eighteen  inches 
thick.  As  the  isolated  system  presents  a  larger  perimeter  of 
firebrick  work  exposed  to  the  adherence  of  clinker,  the  repairs  are 
also  likely  to  be  more  frequent.  In  some  makes  this  is  obviated 
to  some  extent  by  fixing  cast  iron  boxes  through  which  the  air  for 
the  support  of  combustion  is  passed  on  its  way  to  the  ashpit. 
The  cubic  contents  of  firebrick  lining  in  a  furnace  of  this  type  is 
no  doubt  somewhat  greater  than  with  the  common  combustion 
space  type,  and  therefore  more  heat  may  be  said  to  be  stored,  but 
this  construction  renders  it  more  difficult  to  obtain  a  suitable 
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outlet  for  the  products  of  combustion,  the  passages  being  neces- 
sarily small,  and  if  high  temperatures  obtained  would  n^idly 
become  choked  up  and  almost  impossible  to  clean. 

The  common  combustion  space  type  of  furnace  has  been 
unfairly  termed  a  *'  Flue  filled  with  fire  bars/*  It  has,  however, 
many  good  points  to  recommend  it,  the  most  important  being  the 
maintainance  of  the  temperature  of  combustion  at  a  high  level 
throughout  the  operation  of  charging  and  clinkering. 

It  is  well  known  that  GO  and  hdyrocarbons  can  exist  in  a  fur- 
nace at  the  same  time  as  an  excess  of  oxygen,  this  is  no  doubt 
due  to  the  high  specific  volume  and  lack  of  affinity  between  the 
elements  when  at  a  high  temperature.     If  some  means  can  be 
adopted  for  automatically  mixing  the  products  of  combustion,  CX) 
and  much  of  the  hydrocarbon  will  disappear  entirely.    The  Author 
claims  that  this  is  best  carried  out  in  the  second  group  of  furnaces, 
and  that  it  is  positively  carried  out  when  the  reverberatory  arch 
over  the  furnace  is  given  an   undulating  form,  which,   as    the 
"  Heenan"  type,  Pig.  13,  tends  to  produce  eddies  in  the  furnace 
chamber,  thus  mixing  the  gases  thoroughly;  so  that  when  a  furnace 
is  being  freshly  charged,  or  being  stirred  prior  to  clinkering,  or  as 
is  sometimes  the  case,  an  excess  of  air  is  passing  through  the 
material  lying  on  one  part  of  the  furnace  and  an  insufficiency  in 
another,  the  final  result  in  the  secondary  combustion  or  settling 
chamber  immediately  preceding  the  boiler  is  a  gas  high  in  CO^, 
low  in  0,  and  without  CO  appearing.     It  is  also  to  be  noted  that 
this  undulating    form   increases    materially  the    most  effective 
radiating  surface,  and  also  the  quantity  of  refractory  materials  for 
heat  storage. 

It  is  self  evident  that  with  a  battery  of  grates,  when  one  grate  is 
being  cleaned  or  charged,  some  proportion  of  the  furnace  is  out  of 
action,  and  unless  some  special  means  are  taken  the  rate  of  com- 
bustion is  temporarily  suspended,*  and  the  quantity  of  heat  evolved 
in  the  furnace  is  decreased.  When  dealing  with  a  given  quan- 
tity of  refuse  it  is  very  advisable  to  split  up  the  furnace  into  a 
number  of  small  grates,  in  order  that  the  cleaning  and  charging 
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a>y  be  earned  out  with  the  minimum  disturbance  of  temperature 

SLnd  quantity  of  heat  evolved.     It,  therefore,  becomes  a  question 

-CLS  to  what  is  the  commercial  limit  to  which  the  furnace  can  be 

-dLiidded  up  and  fitted  with  furnace  doors,  etc,  the  quantity  of  fire- 

138X8  would  not  be  altered,  but  the  number  of  doors,  deadplates, 

«bnd  other  accessories  would  be  increased  with  each  extra  sub- 

-division.    Take  a  furnace  of  100  square  feet  grate  area,  divided 

into  six  equal  grates,  and  compare  it  with  a  furnace  of  100  square 

feet  grate  area  divided  into  three  grates,  it  will  be  seen  at  a  glance 

tJbat  the  amount  of  furnace  out  of  action  in  the  latter  case  would 

be  33^  per  cent.,  whereas,  in  the  other  case  it  would  be  about  17 

^er  cent,  and,  therefore,  when  making  the  choice  of  a  system  it  is 

^well  to  compare  the  grate  area  with  the  number  of  separate  grates, 

And  give  the  preference  to  that  system  which  has  the  largest 

number  of  separate  grates  and  ashpits  to  a  given  grate  area. 

It  is  generally  found  that  with  plants  which  have  large  grates, 
that  they  also  have  a  greater  grate  area  to  perform  the  same  work. 
This  means  a  lower  rate  of  combustion,  and  to  all  who  are  con- 
versant with  furnace  work,  it  will  be  apparent  that  it  also  means  a 
reduction  in  the  intensity  of  the  temperature  of  combustion ;  now, 
ivhilst  the  total  heat  remains  the  same,  the  rate  of  transmission 
will  vary  as  the  difference  in  temperature  between  the  medium  to 
be  heated  and  the  heating  medium,  and,  therefore,  with  well- 
proportioned  boilers,  better  results  can  be  obtained  with  the  highest 
rates  of  burning. 

Another  distinctive  feature  of  separating  the  first  group  of  fur- 
naces from  the  second  gioup,  is  the  almost  entire  omission  in  the 
second  group  of  what  is  commonly  termed  a  drying  or  dessicating 
hearth.  For  fuels  containing  a  lot  of  liquid  matter,  some  form 
of  receptacle  for  catching  this  liquid  within  the  furnace  would  no 
doubt  be  of  advantage,  but,  to  the  Author,  it  appears  an  unscientific 
way  of  drying  material  to  merely  subject  it  to  the  action  of  radiant 
heat,  and  he  thinks  that  a  much  more  rapid  and  efficient  means 
would  be  to  place  the  material  on  a  grating  and  pass  a  heated  air 
supply  through  it,  the  advantage  in  heating  the  air  supply  being,  of 
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course,  dae  to  the  increased  absorbing  power  of  heated  air  OT^r  tiiat 
of  air  at  ordinary  atmospheric  temperature.  In  practice  it  is  found 
that  material  so  treated  is  dried  almost  instantaneously,  and  when 
burnt  in  a  common  combustion  chamber,  the  distilled  gases 
momentarily  disengaged  from  the  material  are  immediately 
brought  to  a  high  temperature  and  burnt  before  they  pass  into  the 
neighbourhood  of  the  boiler.  It  is  claimed,  however,  that  with 
the  former  type,  if  an  aperture  is  placed  in  front  of  the  furnace 
over  the  grate  itself,  that  the  gases  distilled  from  the  material 
lying  on  the  drying  hearth  pass  over  the  hottest  part  of  the  fire 
before  leaving  the  furnace,  and  are  so  completely  burnt  This  is 
probably  the  case  when  the  cell  is  in  full  work,  but  it  cannot  very 
well  be  the  case  immediately  after  an  isolated  furnace  has  been 
cleaned  out  and  recharged. 

When  a  boiler  is  situated  relatively  to  isolated  cells,  as  in  Fig. 
8,  the  distilled  gases  from  a  freshly  charged  fire  pass  immediately 
into  contact  with  the  heating  surfaces  of  the  boiler,  and  the  Author 
is  of  opinion  that  sufficient  time  has  not  elapsed  to  permit  of  com- 
plete combustion.  Although  this  arrangement  gives  fair  evaporative 
results,  it  is  not  due  to  completeness  of  combustion,  but  more 
probably  to  the  direct  action  of  flame  on  the  heating  surfaces  of 
the  boiler. 

From  personal  experience  the  Author  has  found  that  the  pro- 
ducts of  combustion  leaving  the  chimney  vary  in  colour  and 
transparency  according  to  the  position  of  the  boiler,  that  is  to  say, 
that  when  sufficient  space  is  left  between  the  boiler  and  the 
furnace  for  the  flaming  of  the  products  of  combustion  to  disappear, 
the  gases  leaving  the  top  of  the  chimney  are  so  clear  and  trans- 
parent that  they  can  hardly  be  distinguished. 

There  are  many  ways  of  obtaining  a  high  temperature  in  a  fur- 
nace, and  it  may  seem  strange  that  the  temperature  can  be  too  high 
in  a  furnace,  but  it  is  a  fact.  It  may  be  so  high  that  particles 
of  dust  carried  into  the  settling  chamber  become  molten, 
and  on  solidification  require  a  great  deal  of  labour  and  force  to 
remove    them.       One    of    the    simplest    means    of    obtaining 
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a  high  temperature  is  to  work  a  furnace  with  a  plenum  above  the 
grate  bars,  that  is,  combustion  under  pressure.  It  is  well  known 
that  the  effect  of  pressure  is  to  reduce  the  specific  heat  of  air,  and, 
consequently,  when  a  pressure  above  that  of  the  atmosphere  is 
created  in  the  furnace,  the  temperature  will  rise;  as  the  pressure 
above  the  grate  seldom  equals  from  half  an  inch  to  one  inch  of  water, 
the  calculated  rise  in  temperature  resulting  from  such  a  process 
would  not  be  much  above  50  degrees  F.  The  actual  observed  increase 
in  temperature,  however,  is  very  much  greater  than  this,  and  is,  no 
doubt,  due  to  the  fact  that  an  air  supply  approximating  more 
closely  to  the  requirements  of  the  fuel  enters  the  furnace,  also  the 
entrance  of  cold  air  through  the  doors  is  absent,  and,  consequently, 
the  calorific  value  of  the  fuel  is  dissipated  over  a  smaller  quantity 
of  air.  This  method  if  adopted,  however,  has  very  serious  incon> 
veniences.  Firstly,  it  is  impossible  to  open  any  furnace  door 
^thout  allowing  an  outrush  of  the  products  of  combustion,  and, 
secondly,  suitable  doors  for  closing  the  furnace  when  in  operation, 
-would  be  difficult  to  manufacture  and  maintain.  On  the  other 
hand,  if  there  is  a  decided  vacuum  above  the  grate  bars,  on  open- 
ing a  furnace  door  large  quantities  of  cold  air  will  enter,  with  a 
consequent  fall  in  temperature.  It  will,  therefore,  be  seen  that 
there  is  some  mean  point  to  arrive  at  which  requires  nice  design- 
ing, in  order  that  the  best  results  can  be  obtained.  Other  means, 
however,  can  be  adopted  to  obtain  a  higher  temperature. 

In  the  ''Heenan''  and  "Meldrum"  types  of  furnace,  an  air- 
heater  or  recuperator  is  placed  in  the  path  of  the  gases  after 
they  have  passed  through  tbe  boiler,  and  the  air  for  the  support  of 
combustion  is  passed  around  the  battery  of  tubes  forming  the 
recuperator,  and  is  heated  in  its  passage.  In  another  type  it  is 
claimed  that  a  heated  blast  is  obtained  by  passing  the  air  through 
cast  iron  boxes  situated  at  the  level  of  the  grates  in  the  side  walls 
of  the  furnace,  this  latter  device,  however,  is  not  a  recuperator, 
and  whatever  heat  may  be  given  to  the  air  does  not  result  in  a 
saving  of  the  heat  otherwise  passing  to  waste  in  the  products  of 

combustion. 

22 
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With  the  former  type  it  may  be  taken  that  the  air  ia  raised  in 
temperature  about  a  quarter  of  a  degree  for  every  square  foot  of 
heating  surface,  and  that  the  rate  of  transmission  of  heat  from 
the  gases  to  the  air  is  about  1000  b.t.u.  per  square  foot  per  hour. 
With  the  cast  iron  side  boxes  the  Author  has  seen  it  stated  that 
an  ashpit  temperature  of  from  400  degrees  F.  to  600  degrees 
F.  can  thus  be  obtained.      Examine  for  a  moment  what  this 
means.     Taking  the  quantity  of  air  required  for  1  lb.  of  refuse 
at  say  3^  lbs.,  and  the  heating  surface  exposed  to  this  air  at  say 
12  square  feet  per  grate  of  30  square  feet  in  area,  and  that  the 
rate  of  combustion  on  this  grate  is  30  lbs.  per  square  foot  of  grate 
area  per  hour,  it  would  appear  that  the  rate  of  transmission  is 
about  50,000  b.t.u.  per  square  foot  per  hour,  and  the  rise  in  the 
temperature  of   the  air   about  50  degrees   F.   per  square   foot 
of    heating    surface.    Now,    although    the  mean    difference    in 
temperature    between    the    two    sides    of    the    plate    is    much 
greater  in  this    case,   such  a  rate  of    transmission    would    be 
abnormal^   and  is  probably  not  surpassed  in   the  firebox  of  a 
locomotive.      It  is  evident  that  there  must  be  some  misappre- 
hension possibly  arising  from  taking  the  temperature  of  air  in  the 
ashpit,  or  some  other  position  subjected  to  radiant  heat. 

It  has  been  reported  that  Mr  Bennis  of  Bolton  once  heated  a 
2-inch  tube  50  feet  long  red  hot,  and  maintained  it  at  that 
temperature  while  air  was  forced  through  the  pipe  at  the  rate  of 
1000  feet  per  minute,  the  rise  in  temperature  of  the  air  was  |  of 
a  degree  per  square  foot  of  surface  in  contact  with  the  air. 
Under  these  extraordinary  conditions  it  is  seen  that  the  rise  ia 
temperature  of  the  air  is  only  three  times  that  obtained  with  the 
heaters  employed  with  the  "  Heenan"  type  of  furnace. 

The  value  of  heated  air  in  refuse  destructor  furnaces  is  un- 
doubtedly great.  If  the  heat  is  taken  from  the  waste  gases  this 
waste  heat  is  utilised  to  absorb  the  moisture  that  may  be  in  the 
fuel  without  drawing  on  the  calorific  value  of  the  fuel  to  the  same 
extent ;  further,  the  temperature  in  the  furnace  will  be  directly 
increased   by  an    amount  almost  equal  to  the   temperature  of 
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"fche  entering  air,  and  owing  to  the  fact  that  an  air  supply 
approximating  more  closely  to  the  theoretical  requirements 
of  the  fuel  can  be  used,  the  temperature  is  still  further  increased, 
and  there  appears  to  be  little  doubt  that  with  a  rise  in  temperature 
of  the  air  for  the  support  of  combustion  of  300  degrees  F.,  there 
^will  be  a  corresponding  rise  in  the  furnace  temperature  of  600 
degrees  F. 

The  next  point  on  which  opinion  seems  to  differ  is  whether  the 
air  for  the  support  of  combustion  is  better  driven  in  by  a  fan  or 
driven  in  and  accompanied  by  steam.  It  is  claimed  for  the  latter 
that  the  steam  keeps  the  firebars  cool,  and  also  becomes  decom- 
posed in  the  fire  and  forms  a  species  of  water  gas ;  any  cooling 
which  may  take  place  is,  no  doubt,  due  to  the  decomposition 
taking  place  in  the  bed  of  the  fuel,  and  whilst  it  may  be  admitted 
that  the  heat  absorbed  by  decomposition  might  be  almost  wholly  re- 
gained in  the  furnace  chamber  if  an  additional  air  supply  were 
admitted,  it  is  more  than  probable  that  the  heat  absorbed  in 
decomposition  is  not  fully  recovered.  The  users  of  such  apparatus 
admit  to  15  per  cent,  of  the  steam  raised  in  the  boilers  being 
required  to  operate  the  steam  jets,  and  on  actual  test  it  has  been 
proved  that  equivalent  to  1440  lbs.  of  steam  per  hour  are  required 
to  supply  air  for  the  support  of  combustion  at  a  pressure  of  say 
1^  inches  of  water  in  a  four-grate  plant,  and  taking  the  evapora- 
tion at  8000  lbs.  per  hour,  it  will  be  seen  that  18  per  cent,  is 
required,  and  this  with  new  apparatus  and  careful  regulation. 

The  Author  is  of  opinion  that  the  claims  made  for  the  steam 
jets  are  not  the  real  benefits  which  accrue,  but  are,  in  his  opinion, 
the  following : — Firstly,  It  enables  clinker  to  be  removed  from  the 
firebars  with  greater  ease ;  and,  secondly,  the  clinker  is  more  open 
in  character,  a  large  percentage  of  steam,  however,  has  the  dis- 
advantage of  leaving  the  clinker  very  open  and  friable,  and  easily 
crushed,  and  therefore  not  suitable  for  many  purposes. 

With  fan  blast  no  trouble  has  been  experienced  with  firebars 
when  made  of  special  simple  section,  and  further,  only  some  3  to 
5  per  cent,  of  the  steam  evaporated  in  the  boilers  is  required  to 
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operate  the  fan  engine.  To  obtain  the  advantages  of  the  steam 
jet  with  the  fan,  it  is  found  useful  to  exhaust  the  fan  engine  into 
the  air  duct,  as  a  small  quantity  of  exhaust  steam  thus  used  per- 
forms all  the  functions  of  the  larger  quantity  of  live  steam. 

Actual  tests  taken  by  condensing  the  exhaust  from  the  fan 
engine  show,  in  the  case  of  the  King's  Norton  destructor,  where 
some  observations  have  been  made  which  will  be  described,  the 
quantity  of  steam  required  was  only  4-17  per  cent.,  and  could  be 
further  reduced. 

There  are  other  advantages  which  can  be  claimed  for  the  fan  :— 
FirsUy,  That  if  one  fan  is  coupled  to  a  number  of  grates,  and  one  o{ 
the  group  of  grates  is  undergoing  the  operation  of  chai^ng  or 
clinkering,  and,  therefore,  has  the  air  supply  totally  or  partfally 
cut  off,  the  pressure  and  quantity  of  air  entering  the  other  ashpits, 
forming  the  group  or  unit,  rises,  and  consequently  the  rate  of  com- 
bustion on  these  grates  is  increased,  so  that  in  a  group  of  four 
grates,  with  one  undergoing  cleaning  or  charging,  the  rate  of  com- 
bustion is  not  reduced  by  25  per  cent.,  but  by  something  like 
10  per  cent.  It  is  necessary,  however,  to  construct  the  fan  in  a 
special  manner  to  obviate  the  pressure  rising  two  high.  Secondly, 
The  fan  can  be  most  usefully  employed  in  ventilating  the  building 
in  a  positive  manner,  an  arrangement  for  giving  effect  to  this  has 
been  installed  at  King's  Norton  and  works  with  remarkable 
success. 

The  most  vexed  question  is  that  of  the  best  means  of  feeding 
refuse  fuel  into  a  furnace.  Now  this  fuel  varies  with  the  locality, 
with  trades,  and  with  seasons  of  the  year,  in  fact  it  may  be  said  to 
vary  hourly,  and  will  consist  of  such  varied  material  as  a  load  <rf 
vegetable  matter  or  fruit,  load  of  paper,  straw,  ashes,  leather 
cuttings,  oilcloth  cuttings,  rolls  of  oilcloth,  mattresses,  paper,  tins, 
bottles,  fish,  slaughter-house  offal,  etc. 

Five  years  ago  it  was  common  to  see  expressed  in  specifications 
a  desire  to  receive  schemes  for  charging  furnaces  mechanically, 
and  much  money,  time,  and  trouble  has  been  spent  in  endeavour- 
ing to  arrive  at  this  desideratum.      Up  to  date  it  has  not  been 
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achieved  with  any  marked  degree  of  success,  and  it  may  be  said, 
with  a  great  deal  of  truth,  that  plants  giving  the  greatest  satisfac- 
tion are  those  in  which  no  such  mechanical  means  exist.  The 
material  could,  of  course,  be  treated  primarily,  disentegrated  and 
reduced  to  a  uniform  size,  and  then  fed  into  the  furnace  in  a  simple 
manner,  the  cost  of  such  machinery,  and  the  maintenance  and 
labour  attending  the  same,  however,  exceed  that  of  charging  the 
furnace  by  hand.  The  Author  has  had  the  opportunity  of  inspect- 
ing such  apparatus  at  work  and  of  verifying  these  facts. 

It  is  not  a  difficult  matter  to  devise  a  furnace  into  which  large 
quantities  of  refuse  can  be  tipped,  it  is,  however,  a  grave  question 
as  to  whether  it  is  advisable  to  proceed  in  this  manner  or  not ;  if 
whole  cart  loads  of  refuse  are  tipped  into  a  furnace  no  opportunity 
of  selecting  and  varying  the  proportion  of  the  material  is  permitted, 
nor  can  it  be  claimed  that  the  charging  of  a  furnace  with  a  ton  of 
refuse  at  a  time  is  a  scientific  way  of  obtaining  good  combustion,  it 
must  necessarily  mean  great  fluctuations  in  temperature,  and  it  is 
questionable  whether  any  saving  of  labour  results.  Picture  a  load 
of  market  refuse  being  discharged  into  a  furnace,  and  subsequently 
a  load  of  paper  and  straw,  then  a  load  of  ashes,  then  large  quanti- 
tives  of  shell  fish  and  tins.  Can  anyone  say  that  such  a  proceeding 
gives  good  results  ?  For  a  very  large  plant  connected  to  a  common 
chamber,  and  where  it  is  merely  a  question  of  getting  rid  of  the 
refuse,  there  might  be  an  excuse  for  such  an  arrangement,  but 
under  no  other  circumstances  could  such  a  proceeding  be  justified. 

From  personal  experience  on  this  point,  the  Author  has  found 
that  in  some  districts,  and  at  certain  seasons  of  the  year,  such  an 
arrangement  could  be  worked  with  fair  results,  but  it  is  cer- 
tainly not  applicable  to  all  kinds  of  refuse,  and  from  trials  made 
with  a  view  to  ascertaining  the  effect  on  evaporation  by  charging 
at  different  intervals,  he  has  found  that  by  trebling  the  number  of 
charges  in  a  given  time,  the  same  quantity  being  burnt  in  that 
time,  that  the  evaporative  efficiency  rose  20  per  cent. 

The  other  available  means  of  feeding  refuse  into  the  furnace — 
all  involving  more  or  less  labour  with  the  shovel  and  non-automatic 
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— may  be  put  under  three  heads,  viz. : — ^Top  feed,  front  feed,  and 
back  feed. 

The  top  feed,  firstly^  reqiiires  an  opening  in  the  reverbatory  arch 
overlying  the  grate,  which  weakens  the  arch.  Secondly,  it  is  also  a 
source  of  danger  to  the  men,  and  men  have  been  known  to 
fall  through  such  an  aperture,  and  to  have  been  burnt  alive. 
Thirdly y  it  involves  greater  capital  outlay  if  the  refuse  is  to  be  stored 
above  the  level  of  the  grates  in  such  a  manner  that  it  has  to  be  got 
into  the  furnace  with  only  one  handling  from  the  hopper.  Fourthly, 
the  aperture  in  the  roof  is  liable  to  act  as  an  outlet  for  the  products 
of  combustion,  unless  a  high  chimney  is  attached  to  the  plant. 
Fifthly,  feeding  through  an  aperture  in  the  roof  involves 
two  operations.  The  refuse  must  first  be  put  into  the  furnace, 
and  then  spread  in  a  suitable  thickness  over  the  grate.  In  order 
that  this  labour  will  be  reduced  to  a  minimum  the  aperture  should 
be  almost  over  the  grate.  This  being  so,  any  doors  which  close 
the  aperture  are  subjected  to  the  full  radiant  heat  of  the  fire,  and 
are  very  difficult  to  maintain. 

Feeding  from  the  front  is  the  simplest  form,  and  from  this  point 
of  view  has  something  to  recommend  it.  To  each  grate  there  is 
only  one  opening  into  the  furnace,  and,  therefore,  the  walls  are 
weakened  to  a  minimum.  It  is,  however,  at  best,  a  compromise, 
because  the  height  of  the  grate  must  be  made  suitable  for  the 
operation  of  clinkering,  and  also  suitable  for  the  operation  of  feed- 
ing. It  is  also  tr}dng  to  the  men,  as,  owing  to  the  opposite  furnace 
wall  being  solid  brickwork,  and  in  an  incandescent  state,  the  work- 
men are  subjected  to  the  full  force  of  the  radiant  heat.  This  efifect 
also  conveys  to  the  lay  mind  a  greater  temperature,  and,  therefore, 
the  prevailing  idea  is  that  this  is  the  hottest  type  of  furnace. 
This  might  be  so,  to  the  extent  of  1  per  cent.,  but  when  it  is  con- 
sidered that  this  portion  of  the  wall  has  a  minimum  effect  of 
radiating  heat  on  to  the  material  lying  on  the  grate,  and  that  it 
only  gives  up  its  heat  to  the  layer  of  gases  immediately  in  contact 
with  it,  its  work  is  not  very  important.  The  most  serious  objec- 
tion to  this  arrangement  is,  however,  that  it  is  far  from  clean,  and 
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that  the  actual  muscular  effort  required  on  the  part  of  the  men 
is  very  great. 

With  a  back  fed  furnace,  as  in  Fig.  14,  most  of  these  disadvantages 
ore  eliminated.  The  level  of  the  floor  on  which  the  chargeman  stands 
is  arranged  at  a  level  most  suitable  for  that  particular  operation, 
and  the  level  of  the  clinkering  floor  is  situated  at  its  most  suitable 
position.  The  feeding  and  clinkering  are  absolutely  separated,  and, 
therefore,  it  is  impossible  to  mix  green  refuse  with  hot  clinker 
withdrawn  from  the  fire. 

In  these  two  latter  arrangements  the  refuse  is  put  on  the  grates 
in  one  operation,  and  put  on  as  frequently  as  possible,  and  when 
and  where  required,  thus  greatly  assisting  in  the  maintenance  of  a 
regular  rate  of  combustion  and  temperature.  It  is  often  stated 
that  burning  at  a  quick  rate  of  combustion,  and  evaporating  com- 
paratively large  quantities  of  water,  must  necessarily  cost  more  in 
labour  to  operate.  Judging  from  records  of  a  number  of  months* 
working  at  several  plants,  which  will  be  given  hereafter,  it  will  be 
seen  that  this  is  not  the  case,  and  that  the  labour  costs  are 
amongst,  if  not  the  lowest  in  the  country. 

The  great  desideratum  is  to  avoid  the  handling  of  ^refuse 
altogether.  Provided  refuse  has  not  entered  into  decomposition^ 
and  with  the  exception  of  certain  portions  of  refuse  which  ar» 
offensive  by  their  nature,  and  which  by  the  way  can  be  readi^ 
charged  in  an  automatic  manner,  the  handling  of  refuse  is  not 
an  objectionable  feature,  especially  if  the  storage  space  is  cooled 
and  ventilated. 

The  major  portion  of  the  refuse  comes  from  private  dwellings, 
and  if  it  is  collected  and  destroyed  daily,  it  is  almost  entirely 
inoffensive,  and  it  has  to  be  handled  several  times  by  domestics, 
and  also  by  the  men  performing  the  work  of  collection.  One 
more  handling,  especially  as  the  labour  and  capital  outlay  entailed 
is  less,  and  the  results  better,  need  not  be  considered  the  bdie  noir 
as  it  appears  to  be. 

Having  described  the  most  common  form  of  furnace  in  use 
to-day  and  their  accessories,  the  results  which  have  been  obtained 
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with  various  furnaces  in  various  parts  of  the  world  may  be  here 
considered,  but  before  doing  so  the  Author  would  express  the 
opinion  that  the  main  points  to  be  kept  in  view  when  designing  or 
selecting  a  furnace  are  mainly  the  following : — 

Combustion  space  should  be  sufficiently  large  to  permit  of 

complete  combustion  therein. 
The  boiler  should  be  placed  at  such  a  distance  from   the 

source  of  heat  that  flames  have  ceased  to  exist. 
The  furnace  chamber  should  be  made  common  to  a  number  of 

grates  so  that  the  temperature  will  be  maintained  and 

combustion  will  be  complete. 
There  should  not  be  an  excess  of  wall  surface  exposed  to  the 

adherence  of  clinker,  or  otherwise  repairs    will    be 

frequent. 
The  reverberatory  arch  should  not  be  weakened  in  any  way, 

either  by  forming  apertures  in  the  same,  or  allowing 

freedom  for  undue  expansion. 
The  nxmiber  of  grates  in  proportion  to  the  total  grate  surface 

should  be  large. 
There  should  be  no  drying  hearths. 
A  system  of  forced  draught  should  be  adopted  which  would 

assist  in  maintaining  the  rate  of  combustion  as  nearly 

uniform  as  possible. 
The  system  of  forced  draught  should  not  be  wasteful  in  steam. 
Eecuperative  means  of  heating  the  air  supply  are  essential. 

The  Author  has  refrained  from  entering  into  the  question  of 
boilers  as  he  fears  the  paper  would  become  too  lengthy.  It  may 
be  said,  however,  that  the  water-tube  boiler  is  that  which  enjoys 
the  greatest  popularity.  It  has  the  advantage  of  being  more  readily 
cleaned,  and  of  giving  a  lower  terminal  temperature  to  the  pro- 
ducts of  combustion,  and  it  can  be  obtained  in  suitable  sizes  to 
suit  almost  any  condition. 
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The  Lancashire  boiler  has  also  its  advantages,  requiring  less 
;^ttention  and  having  a  larger  storage  capacity.     It  is,  however, 
very  difficult  to  clean,  and  cannot  be  obtained  in  such  convenient 
«ize8  for  working  in  conjunction  with  a  group  of  grates. 

When  this  paper  was  first  under  consideration,  it  was  intended 
to  discuss  questions  pertaining  to  the  conjunction  of  refuse  destruc- 
tors with  electrical  stations,  and  the  advisability  of  employing  such 
means  as  thermal  storage,  electrical  storage,  and  re-inforcing  of  the 
refuse;  also  the  treating  of  mineral  residuals.    On  attempting  to 
-deal  with  the  subject,  however,  the  Author  was  forced  to  come  to 
the  conclusion  that  the  subject  was  in  itself  deserving  of  another 
paper.     However,  the  re-inforcing  of  the  refuse  as  it  refers  more 
particularly  to  the  furnaces  might  be  momentarily  referred  to. 
The  value  of  a  destructor  when  run  in  conjunction  with  an  elec- 
trical generating  station  must  depend  on  its  reliability  and  regularity. 
One  of  the  chief  troubles  which  electrical  engineers  experience 
with  the  destructor  is  its  irregularity  of  temperature  and  evapora- 
tive capacity,  and  the  engineer  will  naturally  set  the  destructor 
-dovni  at  its  minimum  value,  one  which  he  can  rely  on,  but  one 
which  is  very  far  below  the  real  capacity  of  the  plant,  if  well 
designed  and  arranged.      If  some  means  could  be  adopted  of 
levelling  up  so  to  speak  the  temperatures  and  quantity  of  heat 
generated  at  a  very  small  cost,  a  great  stride  would  be  made. 
Experiments  are  now  being  made  to  ascertain  what  it  would  cost 
to  level  up  the  output  of  a  destructor  when  working  near  its 
maximum  capacity,  but  as  they  are  not  complete  at  the  time  of 
writing  the  paper  the  Author  hopes  to  have  an  opportunity  of 
communicating  them  to  the  Institution  at  some  future  date. 

Table  I.  gives  a  lately  published  test  of  a  plant  erected  by  the 
Horsfall  Company  in  Bradford.  It  will  be  noticed  here  that  the 
engineer  in  testing  the  plant  arrived  at  the  consumption  of  the 
steam  jets  for  forced  draught  by  the  method  of  deduction,  and 
that  the  figure  arrived  at  was  very  slightly  over  10  per  cent. 

Table  11.  gives  the  result  of  a  test  on  the  "  Sterling  "  type  of 
destructor  erected  at  Hackney. 
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Table  L 
Tbbt  of  Befuse  Destructor  at 


Date  of  Test, 


■I 


Duration,  

Number  and  type  of  cells, 
Total  grate  surface,      

System  of  forced  draught,      | 

Average  air  pressure  under  grates,    ... 
Average  steam  pressure  on  blowers, . . . 

Nature  of  refuse,  

Total  quantity  of  refuse  burned  per  cell 

per  24  hours,  

Tons  per  man  per  shift,  

Total  clinker  and  ash*  from  refuse 

burned  during  test, 

Number  of  fireman  and  chargers, 
Wages  per  day,  


Number  of  boilers  and  type. 


I 


Bradford — No.    1. 

From  noon  Maroii  15fch  U> 
noon  March  22zid9  1905, 

inclusive. 
168  hours. 

12  cells,  single  row,  top  fed 
360  so.  ft. 
Hot  blast  with  steam  jet- 

blowers. 
1  inch  of  water. 
54  lbs.  per  sq.  in. 
Ashpit,  market,  and  paper. 

9  tons  18  cwts.  1  qr. 
6-6  tons. 

421  tons. 
18. 

4sl0d. 

Two  marine  type,   Bab- 
cock  &  Wilcox,  water- 
tube. 
2,393  sq.  ft.  H.S.  each. 
146 -5  lbs.  per  sq.  in. 


Size  of  boilers, 

Mean  steam  pressure  on  boilers, 
Total  steam  generated  in  boilers  per 

hour, 13,042  lbs. 

Total  steam  generated  per  lb.  refuse 

from  and  at  212°  F.,  1-25  lbs. 

Mean  feed  temperature,  195*6°  F. 

Mean  main  flue  temperature 1880°  F. 

Mean   temperature   of    flues    leaving 

boilers,  496°  F. 

Economiser,     160  tubes. 

Test  at  Bradford — No.  2. 

Steam  used  by  jets  for  forced  draught  (including  feed-pump,  econo- 
miser, engine,  and  leakage).  The  electric  light  engine  waa 
stopped  and  disconnected. 

Date  of  Test, March  22nd,  1905. 

Duration  of  test,  6  hours. 

Number  of  boilers  in  use  t      One. 

Water  evaporated  per  hour, 2,283  lbs. 

*  Ashes  were  weighed  wet  as  cooled. 
tNo.  2  Boiler  was  shut  off  completely. 
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Test  at  Bradford — No,  3. 

Sti^iAm  used  for  feed-pumps,  economiser,  and  enginei  and  leakage. 
The  steam  jets  and  electric  light  engine  shut  off  and  dis- 
connected. 


TI>ate  of  test,     

II>xiration  of  test, 

"^^^ater  evaporated  per  hour, 


March  22nd,  1905. 
2^  hours. 
1,003-6  lbs. 


Note. — During  test  No.  2  the  destructor  cells  were  kept  working  at  the 
)  capacity  as  during  No.  i  test,  thereby  deducting  steam  used  per  hour 
in  test  No.  3  when  the  steam  jets  were  shut  ofi  from  steam  used  per  hour 
xn  test  No.  2,  the  difference,  namely,  i,2So  lbs.  of  steam  per  hour  is  the 
amount  approximately  required  to  work  the  jets  for  forced  draught  when 
the  cells  are  working  at  their  guaranteed  capacity. 

Table  II. 

Test  of  Refuse  Destructor  at  Hackney  Electricity 

AND  Befuse  Destructor  Station. 


Date  of  Test, 

Atmospheric  temperature. 

Character  of  fuel. 

Number  of  cells  used, 
Duration  of  test. 
Cell  hours  worked,    . . . 
Average  hours  worked  per  cell. 

Total  refuse  burned, 

Befuse  burned  per  cell  per  24  hours. 
Bate  for  entire  plant  per  24  hours,... 
Feed  water  temperature — suction  tank. 
Total  water  evaporated — actual, 
Do.  do.. 

Water  evaporated  per  hour, 

Average  steam  pressure  above  atmosphere 

(safety  valve  at  200  lbs.)  per  sq.  in.. 
Water  evaporated  per  lb.  of  refuse — actual. 
Water  evaporated  per  lb.  of  refuse  from  and 

at  212'  F., 

Temperature  of  flue  gases  in  main  flue  before 

economiser, 

Temperature  of  flue  gases  in  main  flue  after 

economiser,  

Average  air  pressure  in  ashpits,      


4th  &  5th  Dec,  1902. 

29^  to  36"  F. 
(Unscreened    ashbin 
t  refuse. 

12. 

19  hours. 

215. 

17-9. 

299,649  lbs. 

14-9  tons. 

178-8  tons. 

51-8°.  F. 

34,751  gals. 

347,510  lbs. 

18,290  lbs. 

183-5  lbs. 
1159  lbs. 

1-415  lbs. 

537°  F. 

835°  F. 
2*40  ins. 
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Table  IIL  gives  particulars  of  a  test  carried  out  by  Mr  Stromeyer 
at  Nelson.  This  test  is  remarkable  for  its  completeness  as  a 
balance  sheet  was  drawn  out.  It  is,  however,  open  to  question 
whether  a  balance  sheet  can  be  accurately  made  up  in  dealing 
with  refuse. 

Table  III. 
Test  op  Destructor  at  Nelson. 

13th  Jan.,  1903.     14th  Jan.,  1903. 
f        10  a.m.  \       9-35  a.m. 

to  to 

5-45  p.m.        )       6-35  p.m. 
7-75  hours  900  hours 

1351    lbs.  134-2    lbs. 

358-2°  F.  357-8*  F. 

45.416  lbs.  43,400  lbs. 

5,837     „ 


Dates  of  trials, 
Time  of  trial,.. 


Duration  of  trials,    ... 

Boiler  pressure — ^mean. 

Corresponding  temperature, 

Befuse  burnt  during  trial,    . 

Eefuse  burnt  per  hour,        ...     5,837     „  4,822 

Feed    water    supply    during 

trial,  63,723    „  67,485     „ 

Feed  water  supply  per  hour,      8,191     „  7,498       ,, 

Feed  water  supply  per  lb.  of 

fuel,  1-419    „  1-555     „ 

Moisture  in  steam 107%  1034% 

Temperature  of  feed,  ...    37-3'' F.  35-3°  F. 

Evaporation  per  lb.  of  fuel  1 

from  and  at  212°  F.,  m-  \  1698  lbs.  1-877  lbs. 

eluding  steam  jets,         ...  j 

Mean  corrected  gas  analysis  (volumetric): — 

Nitrogen  N, 79-525  79888 

Oxygen  0,     8140  5836 

Carbonic  acid  CO, 12-205  14-233 

Carbon  monoxide,    -130  -043 


Total, 


100-000 


100-000 


Table  lY.  gives  the  result  of  some  observations  of  a  plant  at 
Colonge  which  may  be  of  passing  interest.  It  is  to  be  particularly 
noted  that  the  percentage  of  clinker  was  extremely  high,  this 
being  one  of  the  prevailing  features  in  all  Continental  refuse.  At 
this  plant  the  furnaces  were  clinkered  in  from  a  minute  and  a  half 
to  two  minutes,  which  is  a  decided  step  in  advance  of  British 
practice.     The  type  was  of  the  top  feed  description  and  great 
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'ferx>uble  was  experienced  with  all  the  doors,  in  fact  some  of  the 
doors  could  not  be  operated  at  all  after  working  12  hours. 

Table  IV. 

Test  op  Bbfusb  Destbuctor  at  Cologne. 

lZ>tiration  of  test,        30  hours. 

^Number  of  cells  under  test, 3 

Total  refuse  burnt, 26,880  kilos. 

Xtate  of  burning  per  hour, 896  „ 

Do.  do.         do.  per  sq:  ft.  grate 

area,  about,  40  ,, 

X^ercentage  of  clinker  to  total  refuse,         ...  46 
'Water  evaporated  per  kilo  of  refuse — actual,  1*12  kilos. 
Maximum  temperature  in  combustion  cham- 
ber,   1,070°  C. 

Average  temperature  of  gases  at  chimney 

base,  300*  to  410°  C. 

Average  analysis  of  flue  gases,        15%  CO^ 

Table  Y.  gives  the  results  obtained  in  New  Zealand  and  South 
Africa,  with  a  modified  Beaman  &  Dea's  type  of  furnace. 

Table  V. 
Test  of  Destructors  at  Johannesburg  and  New  Zealand. 

JOUANNEBBVBO.  MEW   ZlfALAMD. 

Bate  of  burning  per  hour  per 

sq.  ft.  grate  suHace,           ...  56  lbs.                     64  lbs. 
Bate  of  evaporation  per  lb.  of 

refuse  from  and  at  212'  F.,  -73  lbs.              -75  to  1-25  lbs. 
Temperature     in     combustion 

chamber,        2,000**  F.          1,850  to  2200''  F. 

Percentage  of  clinker, —                     25  to  30 

Table  YI.  gives  the  results  obtained  in  a  small  destructor  at 
Worthing,  when  dealing  with  refuse  of  low  calorific  value.  This 
destructor  plant  provides  the  steam  for  two  steam  engines  which 
have  replaced  four  24  h.p.  gas  engines,  and  the  same  has  now  been 
in  operation  for  12  months  giving  great  satisfaction  to  the 
authorities.  Table  YI.  also  gives  particulars  of  a  test  on  a. 
destructor  at  Levenshulme. 
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Table  VII.   gives  the   results  obtained  with   a  plant   of  the 
Heenan"  type,  and  the  results  with  a  "Meldrum"  destruotor. 

Table  VII. 


IDate  of  test, 
Type  of  plant, 


]^^ umber  of  cells, 

Total  grate  area, sq,  ft. 

Type  of  boiler,      - 


HEEMAM. 

Nov.  14  '05 

Heenan's 

Patent  (front  - 

feed) 

3 
75 

Water-tube 
H.S.  1966 


lEconomiser,  

Befuse  destroyed  per  hour,      lbs., 

„     persq.fi 

grate  area,         

Percentage  of  clinker  to  refuse  con- 
sumed,     

Average  temperature  in  combus- 
tion chamber,    F. 

Average  temperature  after  econo- 
miser  and  before  chimney,      F. 

Average  steam  pressure,   per  sq. 
in.,  lbs. 

Temperature  of  feed  entering  tank 
(before  softening),  average,     F. 

Temperature  of  feed  after  softener, 
average, F. 

Temperature  of  feed  leaving  econo-  ^ 
miser,  highest  255°,  lowest  193', 
average, F. 

Total  amount  of    water  evapor-' 

ated  per  hour, lbs.        6,882 

Eqaivalent     do.     from     and     at 
212°  F., lbs.        7,942 

Economiser  duty, — 


None 
3,665 
48-8 
26-5 
•2,032° 

189-5 
45° 

112° 

(No 
Economiser) 


MELDBUX. 

Feb.  15-16  '05 
Meldrum's 
Patent  sim- 
plex regenera- 
tive furnace 
(front  feed). 
3 

75 

r    Lancashire. 

A  30'  X  8'H.S. 

I     1050  sq.  ft. 

f  Green's,  192 

A  tubes,  1920  sq. 

ft.  H.S. 

4,200-9 


56 

27-9 

2,500* 

289-0° 

143-6 

50-58° 

85-27° 

216-5° 


} 


9,592 


11-5% 


*  Messrs  Heenan  and  Froude  aim  to  keep  th«  average  temperature  in 
their  combustion  chamber  at  about  2,000  ^  F.  to  avoid  fusing  of  the  dust  in 
same. 
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taoj^Rum^ 


Amonnt  of  water  evaporated  per^ 
lb.  of  refuse  (including  econo-  y-      —  2-28 

miser),  actual, lbs.  J 

Amount  of  water  evaporated  per 
lb.  of  refuse  from  and  at 
212*  F lbs.  216  2-66 

Temperature  of  air  entering  re- 
generator          F.        56-6°  59** 

Temperature  of  air  leaving  regene- 
rator,              F.        273*  276" 

Table  YIII.  gives  results  obtained  at  King's  Norton. 
Table  VIII. 

Official  Test  on  "Heenan"  Patent  Befuse  Destbuctob  at 
King's  Norton. 

Date  of  test,  Feb.  22nd,  1906, 

Duration  of  test, 13-25  hours. 

Number  of  cells  under  test,        3  (one  unit). 

Total  refuse  burnt,  56,280  lbs. 

Equivalent  rate  of  burning  over  24  hours,       ...  46-45  tons. 

Bate  of  burning  per  hour,  4,247  lbs. 

Do.  do.     per  sq.  ft.  of  grate  area,  57  lbs. 

Total  clinker 14,070  lbs. 

Percentage  of  clinker  to  total  refuse,    25 

Total  fine  ash  from  under  grate  bars, 797  lbs. 

Percentage  of  ash  to  total  refuse,  1-4 

Total  water  evaporated 120,900  lbs- 
Average  rate  of  evaporation  per  hour  over  whole 

test 9,125  lbs. 

Average  temperature  of  feed  water,      45**  F.  ^ 

Average  steam  pressure, 154  lbs. 

Water  evaporated  per  lb.  of  steam  (actual),     ...        2-15  lbs. 

Equivalent  evaporation  per  lb.  of  refuse  from 

and  at  212°  R,  ...         263  lbs. 

Total  steam  used  by  fan  engine  per  hour,  2  p.m. 

to  9-45  p.m.,     436-7    lbs. 

Percentage  of  steam  used  by  fan  engine  over 
whole  test  in  relation  to  total  steam  gene- 
rated,             4-78/ 

Maximum  temperature  in  combustion  chamber,  2134*^ 

Minimum  do.  do.  do.,       ...  IbW  F. 

Average  temperature  of  gases  in  combustion 

chamber,  1826°  F. 

Average  temperature  of  gases  before  heater,    ...      606°  F. 
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Average  temperature  of  gases  at  chimney  base,        251°  F. 
A.verage  temperature  of  air  entering  ashpit,     ...       237°  F. 

Minimum  temperature  of  steam,  516°  F. 

Average  analysis — Seven   samples  taken  over 
75%  of  total  time  of  test. 

CO,  O  CO  N 

12-i  7-6  0  80-3 

Ijabour  cost,         6-45d  per  ton. 

Two  stokers  at  4s  8d  per  shift  (nine  hours  shift). 

Remarks. 
Plant  under  test  consisted  of :  — 

One  unit  of  three  cells,  total  grate  area  75  sq.  ft. 

One  water-tube  boiler  1966  sq.  ft.  heating  surface. 

One  superheater  345  sq.  ft.  heating  surface. 

One  exhaust  steam  feed-water  heater. 

One  fan  direct  coupled  to  engine  (used  to  produce  forced  draught). 

Temperatures  at  two  points  in  combustion  chamber  were  measured  and 
automatically  recorded  by  Callendar  resistance  recording  pyrometer  also 
by  Fery  radiation  pyrometer.  Observations  of  the  latter  were  taken  by  a 
representative  of  the  maker's  every  quarter  of  an  hour,  and  compared 
with  the  resistance  pyrometer,  and  were  found  to  agree  within  100  degrees 
v.,  the  radiations  giving  the  highest  readings.  Temperatures  before 
heater  were  found  by  Le  Chatelier  thermopile  pyrometer  after  heater  by 
mercury  pressure  thermometer,  and  remainder  by  mercury  expansion  ther- 
mometer. 

Air  pressures  and  partial  vacuums  were  taken  by  water  gauges  in  places 
where  small  differences  were  expected  by  differential  gauges  reading  to 
001  of  an  inch. 

The  products  of  combustion  were  analysed  by  an  Orsat  apparatus.  Samples 
were  collected  by  means  of  aspirator  bottles  over  water  previously  satu- 
rated with  CO  a. 

There  were  seven  samples  taken  over  75  per  cent,  of  total  p>eriod  of  test. 

All  instruments  were  calibrated  before  start  of  test. 

The  recidings  recorded  on  the  Callendar  pyrometer  were  corrected  in 
f.ccordance  with  formulae  supplied  by  Prof.  Callendar. 

Observations  were  taken  every  quarter  of  an  hour,  each  observer  starting 
to  take  readings  simultaneously. 

Steam  generated  was  blown  to  atmosphere,  after  having  been  super- 
heated, through  an  escape  valve  set  to  a  lower  pressure  than  the  safety 
valves  on  the  boiler. 

The  percentage  of  steam  used  on  fan  engine  was  obtained  by  condensir,?» 
the  exhaust  over  a  period  of  5*5  hours,  the  condensed  steam  being  caught 
in  vessels  of  known  capacity. 

The  first  steam  raising  plant  operated  in  conjunction  with 
an  electrical  generating  station  erected  in  America,  has  now 
heen  at  work  for  some  time,  but  full  figures  as  to  the  working  are 
not  yet  available,  or  published.     The  refuse,  however,  is  of  a  very 

23 
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different  character  to  that  found  in  England,  as  the  percentage  of 
residual  is  only  3.  Prior  to  the  refuse  being  destroyed  in  the 
furnace,  it  is  sorted,  and  marketable  articles  and  materials 
are  removed. 

The  heat  given  off  in  the  furnaces  is  utilised  in  generating  steam 
in  Stirling  boilers,  and  the  steam  operates  electrical  generators,  the 
current  being  utilised  in  the  lighting  of  the  Williamsburg  brid<;e. 
This  plant  enjoys  the  distinction  of  paying  its  way,  without  takin? 
into  consideration  the  energy  generated.  This  is  due  to  the  sale 
of  part  of  the  refuse,  60  per  cent,  being  sold  for  1*50  dollars  per  ton. 

The  furnace  belongs  to  the  second  group,  or  family,  and  is  almost 
identical  with'  the  "  Sterling  "  tyipe  of  destructors.  It  is  at  present 
being  operated  by  natural  draught,  which  is  rendered  possibJe 
by  the  prior  sorting  of  the  refuse. 

Some  four  years  ago  the  engineer  to  the  Urban  District  Council 
of  King's  Norton  being  desirous  of  obtaining  the  best  possible 
results,  sampled  many  loads  of  refuse  collected  in  his  district. 
These  were  handed  over  to  an  analyst,  who  duly  reported  and 
gave  the  calorific  value  of  the  refuse  as  4300  b.t.u.  The  engineer 
put  these  figures  before  parties  desirous  of  tendering,  and  asketl 
for  a  guarantee  on  that  basis.  Messrs  Heenan  <&  Froude,  Limited, 
guaranteed  If  lbs.  of  water  per  lb.  of  refuse  from,  and  at  212  degree? 
F.,  and  after  exhaustive  enquiries,  the  contract  was  ultimately 
let  to  them.  The  evaporative  results  will  be  noted  as  they  appear 
to  be  the  highest  results  that  have  been  obtained  in  a  modern 
refuse  destructor  without  economisers,  in  any  part  of  the  world. 
The  small  percentage  of  steam  required  for  operating  the  forced 
draught  is  also  to  be  noted.  The  amount  required  for  operating 
the  pump  was  condensed  on  a  previous  occasion,  and  appears  to  be 
less  than  2J  per  cent. 

The  Heenan  plant  was  erected  at  a  cost  £14,500,  and  consists  of 
three  furnaces,  or  units,  each  unit  consisting  of  three  grates,  com- 
bustion chamber,  water-tube  boiler,  superheater,  recuperator,  fan- 
engine,  refuse-storage  hoppers,  etc. 

The  results  obtained  at  this  test  have  been  equalled  on  many 
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occasions  during  the  past  four  months.  The  temperatures  on  the 
day  of  the  test  were  lower  than  those  recorded  on  former  occa- 
sions, due  to  the  flue  dampers  not  being  regulated. 

Figs.  16  and  17  give  respectively  charts  of  the  temperatures 
obtained  in  the  case  of  the  King's  Norton  destructor,  Fig.  16 
being  by  means  of  a  Chatelier  pyrometer,  and  Fig.  17  by  means 
of  a  F6ry  radiation  pyrometer. 

It  has  been  stated  that  temperatures  cannot  be  ascertained  with 
any  degree  of  accuracy,  but  the  Author  is,  however,  of  opinion 
that  either  of  these  instruments  will  give  fairly  accurate  results 
with  temperatures  in  the  case  of  the  Chatelier  pyrometer  below 
1600  degrees  C.      This  form  of  pyrometer  is,  however,  costly  to 
maintain,  as  during  the  course  of  the  test  temperatures  often  ex- 
ceeded 3000  degrees  F.,  the  result  being  total  destruction  of  the 
instrument.     No  such  inconvenience  or  expense  is  attached  to  the 
F6ry  instrument.     The  results  of  working  this  plant  for  the  past 
live  months  has  been  as  follows : — 


7d  per  ton. 


Labour,  cost  of  charging  the  furnaces,' 
burning  the  refuse,  withdrawing  the 
clinker,  and  depositing  18  yards  from 
the  furnaces,  ... 

Cost  of  cleaning  the  plant,  Jd      „ 

Cost  of  skilled  supervnsion,  Id      „ 

Cost  of  cleaning  buildings,  machinery,  m-'\       ,  , 
eluding  oil  and  waste,  /       *        " 

Rate  of  wages,  4s.  8d.  per  man  per  shift  of  9  hours. 

With  the  exception  of  supervision,  these  costs  can  be  maintained 
on  any  plant  consisting  of  three  or  six  cells  of  equal  capacity. 

As  the  cost  of  labour  during  test  was  6"45d  per  ton  of  refuse,  it 
will  be  seen  that  the  rate  of  working  the  test  did  not  greatly 
exceed  the  ordinary  rate  of  operating  the  plant,  and  the  Author 
considers  that  he  has  by  this  example  proved  that,  with  an  up-to- 
date  modem  destructor  having  a  high  eflBlciency  both  from  an 
evaporative  point  of  view  and  burning,  is  not  more  costly  to 
operate  than  a  destructor  of  the  first  group  burning  at  a  lower  rate 
and  giving  lower  evaporative  eflficiencies. 
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MrJolmWilkie,M.A. 

Discussion. 
Mr  John  Wilkie,  M.A.  (Manchester),  remarked  thaX    he  had 
read  Mr  Leask's  paper  with  considerable  interest,  and    thought 
he  deserved  to  be  complimented  for  preparing  and    presenting 
to    the    Institution    a    paper    which    he    considered,     in     many 
respects,   an   admirable  one.      As  be  had   been  responsible,    in 
conjunction   with   the   respective   local   engineers,    for   the    most 
recent    and    the    most    successful    destructor    installations     put 
down    in    this    district,    he    felt    a    little    inclined    to     pix>test 
against    the    manner     in    which     ^Ir    Leask    had    deemed     it 
expedient    to    refer    to    the    '*  Meldrum "    furnace.       Mr    X^eask 
appeared    before    them    as    a    protagonist    of    the    "  Heeiian  * 
system.     All  engineers  conversant  with  the  subject  were  agreed 
that    there    was    a    remarkable    similarity,    indeed    a    practical 
identity,   between  the  **  Meldrum"  and  **Heenan'*  systems,    so 
far  as  their  essential  features  were  concerned.      At  the  outset, 
Mr   Leask   professed    to    deal    with    the    history   and    evolution 
of    types    of    furnaces,    and    on   page   330   of  the   Transactions 
would   be   found  the  following  statements : — "  In   1894,   Messrs 
Meldi'um    Bros,    patented    their    well  -  known    *  Simplex '    type. 
Figs.    10    and    11.       The    *  Heenan '    destructor,    as    now    con- 
structed. Fig.  13,  was  evolved  from  furnaces  patented  in  lb93/* 
Patented  by  whom  ?      Not  by  Mr  Heenan  nor  by  ^Ir  Leask, 
as    neither    of    them    had    the    slightest    notion    of    taking    up 
destructor  work.      The  latter  statement,  following  this  reference 
to   Meldrum's,  was   a   remarkably  loose  one   to  come  from  an 
engineer,    and  was   wholly   misleading   and   unfair,  the   sugges- 
tion being  that  the  ** Heenan"  destructor  furnace,  as  now  con- 
structed, had  a  prior  claim  to  the  **  Meldrum."     What  were  the 
actual  facts  in  the  development  of  the  "  Heenan"  and  "Meldnim" 
furnaces?      The  most  pertinent  and   the  only  admissible  facts 
were  those   to  be  found  in  the  records  of  the  Patent  OflSce. 
The   ** Meldrum"    Simplex    Furnace  was  patented  in  1894,  No. 
17,869.     In  1896,  the  **  Meldrum  "  Simplex  Regenerative  Furnace 
was   patented,   No.    14,614,   and    the    first    plant    was    erected 


REFUSE   DESTRUCTORS  357 

MrJohiiWil]de,M.A. 

£Lnd.     put  to  work  at   Darwen   in    1898.       This  was  absolutely 
tYxG     i&rst  furnace   in  existence  possessing  the  following  distinc- 
tive    features :  —  1st,    A    continuous    furnace    chamber ;    2nd,    a 
secondary    combustion    chamber ;    3rd,    steam   generator ;    4th, 
ref^enerator  or  air  heater.      The  success  of  the  Darwen  plant 
vysLS     phenomenal,  and   might  be  truly  said  to  mark  an  epoch 
io    clestructor  practice.     This  furnace.  Fig.  18,  might  be  taken 


Fig.  18. 

as  representing  the  '*  Meldrum "  furnace  of  to-day.  The  first 
furnace  with  which  the  name  of  Heenan  could  be  at  all 
identified  was  patented  in  1897,  and  was  known  as  the 
**Bennett-Phythian,''  No.  4323.  It  was  put  to  work  at  Farn- 
worth,  near  Bolton,  but  proved  a  complete  failure,  and  was 
dismantled.  That  was  followed  by  the  **  Heenan"  twin -cell, 
which  was  a  modification  of  the  "  Bennett-Phythian."  It  was 
patented  in  1901,  and  was  put  to  work  originally  at  Raw- 
tenstall.  In  the  same  year  Messrs  Howden  &  Co.,  of  the 
City  of  Glasgow,  patented  a  regenerator  or  air  heater  in 
conjunction  with  destructor  furnaces,  and  this  was  embodied 
in  the  "  Heenan "  furnace,  Patent  No.  16,547.  Subsequent 
patents  for  minor  details,  such  as  hollow  front,  corrugated 
arch,  and  mechanical  charging,  had  been  taken  out  by  Messrs 
Leask  and  Heenan,  but  they  had  no  reference  to  the  general 
form  and  arrangement  of  the  *'  Heenan"  furnace  so  called.     The 
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really  important    and    material    point    was    that   in    1902     the 
twin -cell  system   was   abandoned,  and  the  furnace   illustrated 


Fig.  19. 


by  Fig.  19  was  boldly  adopted  as  the  **Heenan"  standard  fur- 
nace. In  1903  this  plant  was  erected  at  Barrow.  He  asked 
anyone  to  examine  the  "Meldrum"  furnace  and  the  *'Heenan'' 
furnace  as  there  represented.  The  former  was  reproduced 
from  that  excellent  treatise  of  Mr  Goodrich  on  "  Kefuse 
Disposal  and  Power  Production,"  while  the  latter  was  repro- 
duced from  Mr  Maxwell's  work  on  the  "Disposal  of  Towns* 
Eefuse."  It  would  be  noted  that  the  four  essential  and 
distinctive  features  of  the  "Meldrum''  furnace  were  most  faith- 
fully copied.  Mr  Leask  had  since  found  it  advantageous  to 
omit  the  hearth,  and  he  gave  his  reason  for  dispensing  with 
it  in  his  paper.  As  the  system  of  air  heating  was  Messrs 
Howden's,  he  left  anyone  to  judge  whetlier  it  was  unfair,  or 
not  strictly  true,  to  characterise  this  furnace  as  a  "Meldi-um" 
destructor  Howdenised.  He  contended,  and  he  ventured  to 
think,  that  it  would  be  agreed  that  some  acknowledgement, 
however  slight,   was    due    from    Mr  Leask,  as   he    well    knew 
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1:l::i£i.t>    any  success  which  might  be  achieved  on   his  plants  was 
XW^     product  of  brains  and  experience  other  than  his  own.      It 
>.%'a.s    only  fair    to    state,   however,   that    in    Mr  Leask's  paper 
of        March    4th,     1903,    read    before    the    Civil    Engineers    of 
Ireland,  Dublin,  the  following  remarks  occurred: — "The  'Sim- 
plex '  furnace,   constructed  by  Messrs    Meldrum   Bros.,  brought 
ou-t    a    type    that    embodied    apparently    new    features.       This 
type  has   been    uniformly   successful,   which   may  be  attributed 
to     the   makers   attending   to   the    scientific   aspect   of   the   laws 
of    combustion   and   a   rational    form   of    furnace."      One   could 
linderstand  him   exercising   a   certain   degree  of   diffidence   and 
restraint   in   speaking    of    a    competitor's    claims,    but   the    part 
played  by  Messrs  Howden,  in   designing  his  air  heater,  really 
merited    some   recognition.       Mr   Leask  truly   said   that   **The 
-destruction   of   refuse   is   nothing   more   or   less   than  the  com- 
bustion   of    poor    fuel."       Yes,    and    the    combustion    of    poor 
fuel    was    obtained     by     the     provision    of    a    properly    regu- 
lated air  supply.       When   the   air  was  heated,  and  the  heater 
was  placed  in   the   path  of   the   waste   gases   from   the   boiler, 
the  problem  became   a  more  complicated  one,  as  any  mistake 
in    the    design    of    the    heater,    any    restriction    of    areas,    etc., 
might  prove   fatal   to   the   success  of  the  furnace.      When  Mr 
Leask    decided    that    the   Meldrum   combination    of   air   heater, 
«team    generator,    secondary    combustion    chamber,    and    con- 
tinuous furnace,   was   the   ideal  one,  and   entrusted  the  design 
of    the    heater  to    Messrs   Howden,    he    gave    them    the    most 
crucial    element    in    the    combination   to    work    out,    on    which 
success    or    failure    entirely    depended.       The    recent    litigation 
between   Messrs   Howden   and   Messrs    Heenan,    in    which   the 
former  were  the  plaintiffs,  afforded  no  reason  for  ignoring,  their 
claims  before  a  meeting  of  this  Institution,  and  he  trusted  Mr 
Leask  would  avail  himself  of  the  first  opportunity  that  offered 
itself  to  do  them   what   any  ordinary  sense  of  justice  dictated. 
On  page  331,  Mr  Leask  said  "It  is  only  fair  to  the  memory  of 
Mr  Fryer  to  say  that  he  foresaw  the  use  of  forced  draught  and 
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heated  air  supply."      Some  people   had  foreseen  the  realisation 
of  communication  between  the  Earth  and  Mars,  and  Mr  Leask 
would  not  have  been  unfair  to   Mr  Fryer's   memory  if   he   had 
omitted    this    remark    altogether.     The    extent   of    Mr  Fryer's 
foresight    and    his    appreciation    of    the    scope    of    heated    air 
supply  and   forced   draught  could   be   gauged    by    reference    to 
his  coadjutor's  patent,  Mr  Alliott's  No.  17630,  1887.     To  pass 
from   what   Mr   Leask   termed  the     historical   to   the    technical 
portion    of    his   paper,   he  had   to   say    that   he  was    generally 
in   agreement   with   the   remarks   he   made,   and   the  arguments 
he   adduced   in   favour  of   the  continuous  furnace  chamber  over 
the    isolated    cell    system.       He    had,    however,    to    dissociate 
himself  entirely   from   the   claims   he   made   for   his   corrugated 
arch.     Mr  Leask  claimed  that  the  gases  of  combustion  formed 
eddies,   and   were    more    thoroughly   mixed,  due    to   the   undu- 
lations   in    the    arch.      He   maintained   that  the   particles  pro- 
jected  from   the  furnace    grate   and  the    gases   evolved    in   the 
process   of    combustion,    followed    the    line   of    least    resistance 
from  the  moment   they  were   generated   until  emitted  from  the 
chimney  shaft.      Were  Mr  Leask's   contention   right,  he  would 
have  had  a  higher  COg  percentage  than  with  the  straight  arch^ 
but  the  figures  given   in   the  test   selected  by  himself  for  com- 
parison with  his  best  were  against  him.      He  referred  to  Table 
III.      The  average  of  Mr  Stromeyer's  tests  at  Nelson  was  13-2 
CO  2-      Mr    Leask's   piece  de  rmntance,    he    supposed,    was    his 
King's    Norton    test,  where    the    0  0.^    average  was    12-1.       At 
Cambuslang,   the   latest   straight  arch  furnace   erected   in  Scot- 
land,   the    average    00^   was    16*3.       Mr    Leask's    contention, 
therefore,  fell  to  the  ground,  as  the  actual  facts  were  against  him. 
The    corrugated    arch,    in    his    opinion,    had  nothing   good    to 
recommend  it.     Mr.  Leask,  however,  was  well   advised   in  sub- 
stituting   it    for    the    system    of    arch    construction    he    advo- 
cated    some     years     ago     which     was     more     efficient     from 
the     eddy    standpoint,     but     so     weak    structurally    that     he 
was  compelled  to    abandon  it.      The    corrugated    arch   was    a 
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del^ail  that  differentiated  the  "Heenan"  furnace  from  the  "  Mel- 
<iram,"  and  this,  no  doubt,  was  Mr  Leask's  reason  for  retaining  it. 
He  was  in  entire  accord  with  his  remarks  relative  to  the  claims 
roskde  for  the   "side  box"   system   of  air  heating.      The  advo- 
cates  of  this   system    displayed  an  ignorance  of  the  principles- 
BXLd    facts  long  ago   ascertained  with  reference  to  the  transfer 
of    heat  through   plates,  that  did  no  credit  to  their  pretension  a 
X€>   that  phase  of  engineering.     Engineers  in  their  specifications 
-wrould    do    well    to    stipulate    that    no    system   of  air    heating 
would  be  considered    that  did  not    provide   for  the   utilisation 
of   the  waste  gases   after  leaving  the   boiler.     On  the  question 
of    fan   versus   steam   jet,   he   did    not    agree    with    Mr   Leask, 
nor  did  he   admit  the    figures    he    ascribed    to    users    of  this 
apparatus.      His    authority  was   Mr   Stromeyer,   whose   figures 
were   11   and   12  per  cent.,   so  that    they   did    not  reach    the 
15   per  cent.,   still   less   the    18  per  cent,    he    alleged.      What- 
he   stated   might   be    true    of   certain   systems,   but  it  did  not 
apply  to  the  "  Meldrum,**  and  in  cases  of  that  kind  Mr  Leask 
might   be  more   specific.     On  that   point  it  was  vain   to  dog- 
matise,  and  gentlemen   present  could    not    do  better  than    be 
guided  by   those   who  had   used   both.     Mr  Maxwell  of  Partick 
writing  to   the  Electrician,   December    6th,   1902,    said  —  **The 
relative  advantages  of  fan  and  steam  blast  is  a  point  of  great 
importance.     I   have   made  no  tests,   but  from  actual  working 
we  have  found   that   with  the  latter  a  steadier  steam  pressure 
is  maintained,  and   more  steam  per  ton   of  refuse   is   available 
at  the   engines.''     As  to  the   method  of  feed,   that   should  in 
general    be    determined    by    the    nature    and     quality     of    the- 
refuse  to   be   dealt   with.     He   did   not  advocate  any   one  type 
over    any     other.      In    some    cases    he    would    recommend    a 
drying    hearth,    although    this    could    generally    be     dispensed 
with.      Meldrum's  patent  of   1896  showed  a  top  feed,  and  in 
1900  Messrs  Meldrum  erected  the  first  back  feed  furnace.     At 
the  present   moment   they  •  were   erecting  top,   back,  and  front 
feed  plants  in  several  parts  of  the  world.     As  to  pyrometers^ 
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a  Callendar's  recording  resistance  pyrometer  was  first  used  iTi 
connection  with  destructors  at  Nelson,  but  he  did  not  reooni- 
mend  that  class  of  pyrometer  for  general  use  in  a  combnstiofi 
chamber  of  destructor  furnaces.  They  were  very  expensip'6 
and  required  frequent  adjustment  and  correction.  The  Fery 
may  be  said  to  be  an  inferential  instrument,  and  in  hi3 
opinion  was  not  so  accurate  as  the  Chatelier.  It  had  this 
advantage,  however,  that  it  did  not  require  to  be  inserted  in 
the  furnace  chamber.  For  ordinary  tests,  heat  recorders,  such 
as  Watkins*,  would  give  sufficiently  accurate  results,  and  had 
the  further  recommendation  of  small  initial  cost.  As  to 
tests,  be  had  been  carrying  out  destructor  tests  for  nearly  a  dozen 
years,  and  long  ago  came  to  the  conclusion  that  in  these 
tests  two  factors  had  a  determining  influence  on  the  results  claimed. 
These  were  the  bias  of  the  contractor  and  the  bias  of  the  purchaser 
or  their  agents,  and  these  factors  could  not  be  wholly  eliminated. 
In  general,  their  interests  in  securing  the  best  results  were 
identical,  and  tests,  to  be  of  value,  should  be  carried  out 
by  absolutely  independent  and  thoroughly  qualified  authorities. 
He  did  not,  therefore,  attach  much  importance  to  Mr  Leask's 
figures  for  the  King's  Norton  tests.  Mr  Leask  must  be  per- 
fectly well  aware  that  an  evaporation  of  2J  lbs.  of  water 
per  lb.  of  refuse  was  quite  a  phenomenal  result,  and  was 
only  possible  with  refuse  far  above  the  average  in  calorific 
value.  Assuming  that  the  refuse  in  that  instance  had  a 
calorific  value  of  4,300  units,  he  would  very  much  like  to 
see  Mr  Leask's  heat  balance  sheet  for  this  test.  He  had 
always  deprecated  the  undue  emphasis  that  was  put  on 
figures  obtained  in  tests  other  than  independent.  The  real 
test  of  a  plant  was  in  regular  every  day  work,  and  the 
<50st  of  labour  on  tests  was  no  criterion  whatever.  Do  not, 
therefore,  be  misled  by  the  6.45d  per  ton  quoted  for  this 
test.  Mr  Leask  should  have  known  that  figures  of  this 
kind  were  misleading,  and  he  thought  Mr  Leask  would 
agree  that  no  more  telling,  no  more  condemnatoiy  evidence  as 
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t:o       tbe     futility     and    untrustworthiness    of     tests    could    be 
round     than    was    contained    in     the    current    issue    of    the 
J^-uhlic   Health  Engineer,   7th  of   April,   1906,   page  253.      That 
referred    to    the    plant    erected     by    him     at    Barrow    about 
two-and-arhalf    years  ago,   and  read    as  follows — '*The   Health 
Oommittee  recommended  a  special  expenditnre  of  £1300  on  the 
refuse    destructor,  which   had  proved  a  failure.     It   cost  origin- 
ally between  £8000  and  £9000,   but  was  defective  and  unsiitis- 
factory,   and   the  guarantee   that    it   would    burn    up   a   certain 
anaount  of  refuse  and  raise  a  certain  amount  of  steam  had  only 
been    accomplished  by  flogging  the  plant,    which   now  requires 
improving  agreed   to."      It   was  only  fair  to   Messrs,   Meldmm 
to  state  that  that  furnace  was  not  quite  so  Meldrumised  as  the 
corrugated   arch   furnace.      In    conclusion,   he    would  say  that 
it   was  with   feelings  of    regret   that    he    took   up   this  line   of 
destructive   criticism  in   regard  to  Mr   Leask's   paper,  in  many 
ways  an  excellent  one.      At  the   meetings  of  the   Manchester 
Association   of    Engineers,   he   had  had   many   friendly    discus- 
sions with  him,  but  there  was  a  grave   question  of  principle 
involved.      The  laxity  of   the   patent   system   was   well  known, 
and  it  was  only  at  the  meetings  of  institutions  such   as  this 
that   the    rights    and    claims    of    the    inventors    and   manufac- 
turers of   patented    specialties,    as   well   as   the   justification   of 
that  moral  rectitude —the  proud   boast    of   British   engineering 
practice  —  could   be  vindicated. 

Mr  James  B.  Wyllie  (Member)  thought  the  paper  under 
discussion  was  one  of  considerable  interest,  and  he  thanked 
Mr  Leask  for  introducing  this  subject  to  the  notice  of  the 
Institution.  Mr  Leask  mentioned  the  fact  that  the  refuse  of 
Cairo  had  been  employed  for  centuries  to  heat  the  Turkish 
baths  in  that  city.  Now  the  refuse  of  Cairo  was  burnt  in  a 
"Horsfall "  destructor  with  satisfactory  results.  The  furnace 
used  was  hand-fired,  seven  feet  wide,  and  known  as  the 
"back -to -back"  type.  It  was  similar  to  the  **HorsfaH" 
•destructor  at  Paisley,  but  with  larger  furnaces.      Mr  Leask,  in 
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referring  to  the  different  illustrations,   said  that  a  family^   like- 
ness was  to  be  found  between  the  ''  Horsfall "  destructor   and 
those  of  the  late   Mr  Fryer.       This  might  be  the  truth,     but 
improvements    of    great    moment    had    been  introduced.        The 
refuse  now  could  be  burnt  without  nuisance,  which  was    not 
the  case  with  the  "Fryer"  type.      The  **back  feed"  type,  which 
had  now  been  copied  both  by  Messrs  Meldrum  and  by  Messrs 
Heenan  and  Froude,    was,    he    thought,    admittedly    the     best 
tjrpe  of  furnace  for  hand-feeding  yet  evolved,   and  about    ten 
times    as    many    of    this    type    had    been    supplied    by     the 
Horsfall  Destructor  Company   as  that  furnished  by  any  other 
firm,   and    it    was    only   quite    recently  that    other    firms   had 
given   attention   to  this  type.      They  used  to  say  that   "back 
feeding"   was  a  mistake.       Mr  Leask  drew  attention   to  this 
family  resemblance,   and   he  thought   anyone   would  recognise 
that    in    the   so-called   "Heenan"   type   there  was   very  little 
difference  from  those  he  referred  to.      In  regard  to  the  ques- 
tion   whether    isolated    cells    or    continuous   grates — namely,    a 
flue  with  grate  bars  in  it — were   the  best,  he   might  mention 
that  repairs  could  be  effected  to  one  cell  without  stopping  the 
others.       This    the  Author    questioned,   and    said  that  he  did 
not  think  it   would  be  possible.       He   (Mr  Wyllie),    however, 
could  state  with  authority  that  repairs  were  carried  out  every 
day  without  interfering  with  the  adjoining  cells.      Again,  Mr 
Leask  remarked  that  a  furnace  should  not  be  provided  with 
a    drying    hearth,    but    gave    no    convincing    reason    for   this. 
The  real  reason,  of  course,  was  that,  **a  flue  with  grate  bars 
in    it"    was    a    much    less  expensive    form    of    furnace.       A 
drying  hearth,   such  as   that   provided,  and   shown   in   Figs.  4 
and  5,   was   obviously  a  great   advantage  when    dealing    with 
wet  stuff.      Mr  Leask  considered  that  when  the  fire  had  been 
freshly  drawn    on,    the   cremating  effect,   when  the  hot  gases 
were  passed  over  the   fire,  did  not  exist.       This  was  not  so, 
because    the    furnace   arch   was    heated    up,    and    acted    as   a 
reservoir    of    heat,    thus     greatly    assisting    cremation.       But 
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T^eyond    all    that,    there    was    the    fact;    that   the    ''Horsfair* 

main  flue,  or  combustion   chamber,   mixed  the  gases  from  the 

whole  block  of  cells  as  efficiently  as  they  were  mixed  in  the 

••Heenan"  continuous  grate,  so  that  in  the  former  there  were 

two    safeguards    to    the    one    in  the    latter,    namely,    (1)    The 

-oretnation  within  the  furnace,  and  (2)  The  mixing  and  cremation 

ijvithin  the  main   flue  itself.      Further,  Mr  Leask  observed  that 

the  repairs  with  separate  cells  were  likely  to  be  more  frequent. 

Prom    a   recent   report,    issued    by   the    St.   Gilles    Committee, 

special    attention    was    drawn    to  the   excessive   repairs  by  its 

very  shape   and  nature.      Again,  when   referring  to  fans  versus 

steam   jets,   Mr  Leask   said   no  trouble   had  been   experienced 

with  fire  bars  when  made  of  special  simple  section.      Perhaps, 

in    his    reply   to    the    discussion,    he    would    state    how    many 

-spare   sets   of  fire   bars   had  been   put   in    at   Rathmines   since 

the  plant  there  had   been   set  to  work  two   years  ago.       He 

(Mr  Wyllie)   understood    that    a    new    set   of    bars    had   to  be 

put  in  one  or  other   of    the  cells   every  week.       With   regard 

to    the    method    of    heating    the    air    by    regenerators    in    the 

flues  or  side    boxes,    a    regenerator    in    the    flue    reduced    the 

temperature    of    the    flue    gases,    and    thereby    either    reduced 

the    draught    in    the    chimney    or    necessitated    a    larger    and 

more   expensive    chimney.       The    gases    ought    to    be    brought 

down  to  about   500   degrees  F.   by  fuel   economisers,   and  any 

further  reduction   beyond   that    was   a   mistake.       The    **Hors- 

fair*  side  boxes  took  the  heat  from  the  clinker  where  it  was 

not  required,   and    they   actually   did    heat    up   the    air  in   the 

ashpits  to  the    temperatures   claimed  for  them,   namely,   from 

400   to    500    degrees    F.      Further,    the    percentage    of    steam 

used  for  the  steam    jets   at  Bradford,   namely,    ten  per   cent., 

had   been    improved   upon    in    the    *'  Horsfall "    later    designs, 

which   combined    the   advantages   of   fans   and   steam    jets    by 

using  a   special   method  of  moistening  the   air  for  combustion 

after  it  left  the   fan    and   before  it  passed  through   the  grate 

bars.      The  tests  mentioned  by  Mr  Leask   were  of  practically 
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no    value    for    the    following    reasons: — The    duration    of     test- 
was  not  alw^ays  the  same;  the  date  when  the  destructor   i?ras 
built  was  not  stated ;    the  refuse  was  different ;    there  wei-e    no 
average  results  during,  say,  a  period  of  a  year;  and  tests   got 
up  for  the  purpose  of  a  paper  (unless  they  had  been  obtained 
from  reports  of  responsible  officials)   could  be  made  to  pix>ve 
anything.      He  thought   Mr  Leask's   main  object  had  been    to 
make   Members  of   the  Institution    think  that  there  was    no'w 
only  one  perfect  destructor  in  existence,  namely,  the  "Heenan."" 
Of  course,   he  mentioned  the   **  Meldrum "   as  a  good   second, 
and  no  wonder,  after  practically  embodying  the  main  features 
(not  to  speak  of  other  destructors)  in  the  so-called  "Heenan  "^ 
type. 

Correspondence, 

Mr  H.  B.  Maxwell  (Partick)  considered  that  the  Author  had 
made  two  great  mistakes  in  the  paper.      In  the  first  place,  he 
appeared  to  think  that  the  chief  mission  of  a  destructor  was  to 
generate  steam.      Steam,  however,  \vas  only  a  bye-product,  the 
principal  object  being  the  cheap  and  efficient  destruction  of  the 
refuse  with  the  minimum  of  nuisance.     In  the  second  place,  he 
quoted  certain   figures  of  evaporation  w^ithout  explaining  that 
under  ordinary  working  conditions  the  evaporation  obtained  was 
usually  on  an  average  only  some  50  per  cent,  of  what  was  obtained 
on  tests,  owing  to  the  heat  often  being  available  at  times  when  an 
electricity  work  had  practically  no  load  on.      Thus  in  simamer 
from  9  p.m.  to  3  a.m.  the  load  might  be  too  big  for  the  destructor 
alone,  from  3  a.m.  till  the  public  works  started  at  6  a.m.  the  load 
would  be  practically  nil  as  it  would  be  also  during  the  breakfast 
and  dinner  hours,  and  from  6-30  p.m.  to  9  p.m.      If  then  the 
destructor  was  to  be  worked  under  the  best   conditions  as  to 
economy  in   wages  and  maintenance  by  working  at  a  steady 
temperature,   a  very  large  amount  of  heat  would  be  wasted. 
Again,  although  refuse  might  be  able  to  evaporate  2  lbs.  of  water 
from  and  at  212  degrees  F.  under  test  conditions  with  winter 
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refuse,  it  was  doubtful  if  it  would  evaporate  half  that  amount  with 
summer  refuse,  when,  owing  to  no  fires  being  used,  the  refuse  had 
practically  no  ash  in  it.  In  most  towns — very  probably  in  those 
of  which  tests  were  given  in  the  paper — it  would  be  found  that  the 
average  evaporative  steam  utilised  by  an  electricity  works  for 
twelve  months  would  be  about  |  lb.  per  lb.  of  refuse.  In  a  paper 
of  this  description  the  whole  facts  should  be  stated  so  as  not  to 
leave  a  false  impression  on  those  who  had  not  experience  in  the 
subject.  It  must  also  be  remembered  that  a  part  of  the  steam 
generated  would  be  needed  for  the  fan  engines.  This  he  had 
found  to  vary  from  6  to  15  per  cent,  of  the  total  steam  evaporated, 
according  to  the  efl&ciency  of  the  fan  engine.  It  was  impossible 
to  obtain  a  single  cylinder  non -condensing  fan  engine  which  would 
use  much  less  than  10  per  cent,  of  the  total  steam.  The  most 
efficient  method  was  by  electric  motor  and  moreover  with  thi& 
method  of  driving  a  constant  check  could  be  kept  on  the  power 
used.  He  would  like  to  add  his  entire  disagreement  with  the 
following  statement :  — "  The  Author  could  submit  as  incon- 
trovertible that  the  latter  type  has  given  the  better  results  from 
the  standpoint  of  .  .  .  higher  evaporative  efficiency."  He  sub- 
mitted that  the  exact  opposite  was  incontrovertible,  that  it  was 
evident  that  the  higher  evaporative  efficiency  must  be  maintained 
where  the  incandescent  gases  passed  straight  into  the  boiler 
instead  of  giving  up  a  large  amount  of  heat  to  an  intervening 
combustion  chamber.  This  was  borne  out  in  practice  as  there 
was  hardly  a  single  destnictor  of  the  single  furnace  type  where  a 
steady  steam  pressure  could  be  maintained  even  with  reducing 
valves,  whereas  at  Partick  at  any  rate  a  large  percentage  of  the 
load  was  taken  entirely  by  the  destructor  without  any  appreciable 
variation  in  steam  pressure.  Also  with  the  separate  cell  tj^pe  no 
difficulty  had  been  experienced  in  repairing  a  cell  with  its- 
neighbour  at  a  temperature  of  2600  degrees  F,  The  front  feed 
destructor  had  one  advantage  in  very  small  installations,  namely^ 
low  wages  cost.  It  had,  however,  many  disadvantages,  the  chief 
being  that  the  firing  of  ordinary  ashpit  refuse  with  a  shovel  was. 
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a  very  lengthy  and  trying  process  so  that  the  door  v^as  open 
practically  the  whole  time.      Shovelling  ordinary  ashpit   refuse 
containing  straw,  vegetables ,  mattresses,  tin  cans,  bits  of  rope  and 
wire  was  not  a  pleasant  occupation  nor  was  it  conducive  to  good 
language   among  the  employees.      It  was   generally  recognised 
nowadays  that  the  advantages  obtained  by  heating  the  air  supply 
were  not  nearly  so  great  as  by  utilising  the  heat  in  economisers 
for  heating  the  feed  water.      He  might  say  in  conclusion  that   he 
was  not  without  hope  that  in  the  near  future  it  might  be  possible 
to  tip  the  refuse  from  the  carts  direct  into  large  automatic  moving 
grates,  the  clinker  being  automatically  dumped  and  removed  at 
the  back.      Such  a  method  was  exceptionally  desirable  in    the 
interests  of  economy  in  wages  and  maintenance,  and  of  public 
health. 

Mr  F,  J.  Rowan  (Member)  desired  to  congratulate  Mr  Leask  on 
the  excellence  of  his  paper.  There  were  several  rival  destructors 
on  the  market,  but  although  he  was  identified  with  one  particular 
form,  Mr  Leask  had  wisely  refrained  from  discussin«r  rival  claims 
or  viewing  the  subject  from  a  personal  standpoint,  and  degrading 
the  paper  to  the  level  of  a  trade  advertisement.  He  had  treated 
the  subject  broadly,  and  reviewed  several  of  the  points  of  general 
scientific  interest,  which  was  in  good  taste  and  in  keeping  with  the 
character  of  the  Institution.  There  were,  as  he  had  indicated, 
further  matters  of  general  interest  in  connection  with  the  use  of 
destructors,  and  the  Institution  was  to  be  congratulated  on  the 
prospect  of  another  paper  on  these  matters,  which  were  alluded 
to  on  page  345,  by  a  writer  who  could  treat  them  in  a  scientific 
manner.  Perhaps  the  paper  might  have  been  improved  by  treat- 
ing the  constructive  features  in  greater  detail,  and  it  was  to  be 
hoped  that  Mr  Leask  would  make  this  addition  in  the  case,  at  any 
rate,  of  the  "  Heenan  "  destructor,  in  replying  to  the  discussion.  No 
doubt  the  advocates  of  rival  forms  would  contribute  such  details 
regarding  theirs.  Mr  Leask's  modesty  in  that  matter  need  not  be 
allowed  to  wrong  him  by  the  exclusion  of  these  details  concerning 
the  form  of  destructor  with  which  he  was  most  familiar.     In  his 
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(Nlr*   Rowan's)  opinion,   altogether  apart  from  any  questions  of 
-variation   in   design,   refuse  destructors  formed  a  very  interest- 
ing   class  of  furnaces,   in  which  the  unusual  conditions  of  the 
txse  of  a  fuel  of  low  calorific  value  and  very  varying  composition, 
coxnbined  with  the  necessity  for  a  thorough  combustion   at   a 
Ltigh  temperature,  had  to  be  met.     The  large  bulk  of  the  refuse 
treated  in  refuse  destructors  also  necessitated  special  provision, 
cund  British   engineers  were   to  be   congratulated   upon    having 
stiown  the   way  to  the  rest  of  the  world  regarding  the  work- 
iog  out  of  this  problem  to  a  successful  issue.      Turning  to  the 
paper,  he  (Mr  Rowan)  thought  that  the  sentence  on  page  334, 
beginning  "It  is  well  known  that  CO,  etc.,"  would  be  made  a 
little  clearer  by  the  insertion  of  the  words  "of  the  gases,"  after 
**  high  specific  volume."    And  similiarly,  on  pages  338  and  339,  a 
few  words  seemed  to  be  necessary  to  prevent  misconception  of  the 
Author's  meaning.     The  rise  of  the  temperature  of  combustion, 
due  to  pre-beating  tbe  air  supply,  did   not  work  out  quite  so 
favourably  as  Mr  Leask's  figures  represented  it.     In  an  example 
quoted  by  him  (Mr  Rowan)   in   the  "Practical  Physics  of  the 
Modem  Steam  Boiler,"  where  1  lb.  of  carbon  was  taken,  burning 
to  COj,  with  air  supply  20  per  cent,  in  excess  of  the  theoretical 
quantity,   the  combustion  temperature,   with   air  heated  to   400 
degrees  F.,  was  shown  to  be  375  degrees  F.  above  that  with  air 
at  atmospheric  temperature.     But  it  did  not  follow  that  the  fur- 
nace temperature  would  be  increased  in  the  same  ratio.     However, 
Mr  Leask  rightly  added  that,  with  heated  air,  the  quantity  used  in 
excess  might  be  diminished,  and  this  would  react  favourably  on 
the  furnace  temperature.      But  he  must  not  forget  that  a  less 
quantity  of  heated  air  would  convey  a  less  number  of  heat  units 
into  the  furnace,  in  which  case  the  calculated  combustion  tempera- 
ture would  not  be  quite  so  high  as,  for  instance,  the  375  degrees  F. 
quoted.    So  that  when  Mr  Leask  said,  page  339,  '^with  a  rise  in  the 
temperature  of  the  air  for  the  support  of  combustion  of  300  degrees 
F.,  there  will  be  a  corresponding  rise  in  the  furnace  temperature 
of  600  degrees  F.,"  he  must  mean  that  "  a  rise  of  300  degrees  F.» 

24 
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aiong  with  the  added  combustion  temperature,  due  to  dimunition 
of  excess  air  supply,"  would  cause  a  rise  in  furnace  temperature 
of  600  degrees  F.  Even  then,  he  (Mr  Rowan)  was  not  quite  sure 
that  such  a  good  result  would  be  realised  except  under  certain 
conditions  of  utilization  of  the  radiant  heat  produced  in  the  fur- 
nace. Regarding  the  question  of  supplying  the  air  by  means  of  a 
steam-jet  blower  or  by  a  fan,  the  only  point  that  struck  him  (Mr 
Rowan)  was  that  with  this  class  of  fuel,  as  there  was  no  point  to 
gasify  it  as  in  a  gas  producer,  and  the  temperature  of  combustion 
should  be  maintained  at  a  high  point,  only  the  minimum  quantity 
of  steam  was  wanted  to  preserve  the  grate  bars  and  loosen  the 
clinker.  In  a  gas  producer  the  steam  was  useful  in  lowering  the 
temperature  of  combustion  by  the  heat  abstracted  by  its  decom- 
position, but  that  heat  was  recoverable  on  burning  the  resulting 
gas  which  was  enriched  with  hydrogen.  Destructor  furnaces 
did  not,  however,  present  these  conditions ;  and  he  (Mr  Rowan) 
should,  therefore,  imagine  that  the  use  of  a  fan  blast,  with  a  small 
quantity  of  exhaust  steam,  or  some  water,  introduced  into  the 
ashpit,  would  best  satisfy  the  conditions  of  working. 

Mr  T.  C.  Okmiston-Chant  (Twickenham)  considered  that  Mr 
Leask  had  ably  dealt  with  the  subject  of  Refuse  Destructors,  and 
thought  it  was  a  pity  that  the  gentleman  who  opened  the  discus- 
sion had  not  dwelt  at  greater  length  on  recent  advances  made  in 
the  types  of  destructors  they  upheld,  rather  than  begin  a  contro- 
versy in  patent  rights.  There  were  many  questions  he  should  like 
to  ask  Mr  Leask,  but  he  would  confine  himself  to  the  following : — 
1.  Could  he  place  before  the  Institution  figures  showing  the 
difference  in  cost  of  disposal  of  refuse  in  various  communities 
before  and  after  destructors  had  been  adopted?  2.  Could  he 
give  instances  where  a  destructor  having  been  installed,  the  death- 
rate  had  decreased,  and  the  number  of  cases  of  notifiable  diseases 
diminished?  An  important  point  with  destructors  was  that  of 
nuisance  due  to  dust  and  smell.  Mr  Leask  had  shown  how,  by 
means  of  a  collecting  ventilating  duct,  all  dust  and  smell  arising 
mside  the  building  was  drawn  into  the  fan,  and  so  projected  into 
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tlie  furnaces.     The  high  temperature  of  the  oombustion  or  settling 
eliamber  would  destroy  all  objectionable  odour :  But  what  of  the 
-dxist  which,  to  some  extent,  must  pass  this  point?     In  plants, 
-wtiere  an  air  heater  of  the  tube  type  was  used,  it  was  arrested  in 
a   very  effectual  manner,  for,  as  the  flue  gases  left  the  air  heater, 
ttiey  flowed  into  a  passage  of  about  twice  the  area  of  the  tubes, 
and  therefore  the  velocity  of  flow  was  suddenly  reduced.      This 
change  in  velocity  was  very  effective  in  separating  the  dust  that 
remained  suspended  in  the  gases ;  moreover,  its  effect  could  easily 
be  seen  by  noting  the  relative  collections  of  dust  at  the  chimney 
base  of  plants  with  and  without  a  regenerator  of  this  type.      He 
noticed  that  the  Author  referred  to  German  makes  of  destructors, 
and  said  that  British  engineers  would  have  to  take  care  of  their 
laurels.      He  would,  however,  draw  attention  to  the  enormous 
expenditure  of  power  entailed  by  any  system  of  forced  draught 
which  required  an  air  pressure  of,  say,  twelve  inches  of  water 
column  in  the  ashpit.     Compare  the  expenditure  of  power  neces- 
sary to  produce  this  pressure  with  that  required  in  current  English 
practice,  where  the  pressure  on  the  average  was  two  inches  of 
water.     In  the  first  case  the  fan  brake  horse  power  was 


jQjid  in  the  second  case 


V  X  2  X  5-2 

33,000  X  N' 

V  X  12  X  5-2 


33,000  X  N  ' 

where  V  =  vol.  of  air  in  cub.  ft.  per  min., 
and  N  =  the  efficiency  of  the  fan. 

At  a  glance  it  could  be  seen  that  the  power  required  was  six  times 
greater,  and  if  the  pressure  were  to  rise  to  twenty-four  inches  in 
the  ashpit  the  power  would  be  twelve  times  greater  than  when  the 
pressure  by  water  gauge  was  two  inches.  So  that  if  10  h.p.  were 
required  with  a  plant  of  fifty  tons  per  twenty-four  hours  burning 
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capacity,  with  an  ashpit  pressure  of  two  inches,  then  60  h.p.  would 
be  required  in  the  case  of  an  ashpit  pressure  of  twelve  inches,  as  the 
same  quantity  of  air  would  be  required  to  burn  the  refuse  in  each 
case.     Such  a  consumption  of  power  should  surely  be  taken  into 
consideration   when  comparing  various  types  of  plants.       With 
regard  to  top  feed  plants :  Was  it  not  probable  that  they  enjoyed  a 
considerable  patronage  owing  to  the  fact  that,  by  reason  of  the 
arrangements  of  boiler  and  furnaces,  and  the  type  of  furnace 
itself,  no  other  method  of  feeding  was  possible,  with  the  exception 
of  front  feed?      He  had  tested  plants  of  various  kinds,  fed  in 
various  manners,  and  there  was  no  doubt  in  his  mind  as  to  the 
back  feed  type  being  by  far  the  cleanest,  and  certainly  the  best 
and  least  tiring  to  the  men  working  it.     The  Author's  statement 
about  the  possibility  of  the  temperature  of  the  combustion  cham- 
ber being  too  high,  was  borne  out  by  his  (Mr  Ormiston- Chant's) 
experience.     He  had  sometimes  seen  the  dust  fused  into  a  mass 
so  hard  that  a  sledge  hammer  would  not  break  a  slab  six  inches 
thick.     He  might  say  that  he  had  seen  a  plant  with  the  method 
of  ventilation  described  by  the  Author,  and  could  speak  for  the 
entire  efiQciency  of  such  an  arrangement.    In  conclusion,  he  would 
say  that,  at  all  tests  at  which  he  had  assisted,  the  utmost  care  had 
been  taken  by  the  testing  staff  to  arrive  at  correct  results,  and  no 
one  could  have  taken  more  care  or  precaution  to  prevent  incorrect 
or  unreliable  tests  than  the  engineers  of  the  various  municipalities 
under  whom  he  had  the  honour  to  work. 

Mr  J.  H.  Thwaites  (London)  agreed  with  the  Author  con- 
cerning the  advantage  of  the  common  combustion  space  type 
of  destructor,  provided  that  the  grates  were  kept  separate  as  in 
the  ''Sterling"  type,  but  where  the  grate  was  continuous  without 
any  bridge  walls,  the  danger  was  too  great  that  green  unburnt 
refuse  would  be  drawn  out  with  the  clinker  from  an  adjacent  fire 
in  process  of  burning.  It  might  be  taken  generally  that  the  more 
cells  or  units  there  were  discharging  their  gases  into  one  com- 
mon combustion  chamber  the  better  would  be  the  combustion, 
and  the  more  even  would  be  the  steaming  results  obtained      Gas 
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skosblysis,  taken  over  a  period  of  24  hours,  of  which  he  had  the 
disLgrams,  one  taken  in  a  cell  and  one  in  the  combustion  chamber 
common  to  four  cells,  strikingly  proved  the  better  results  obtained 
in    the  latter.     As  to  the  area  of  the  grate  surface  of  any  one  cell 
of    a  battery,  26  square  feet   seemed  to  be  the  most  generally 
fiLCcepted  average,  and  he  thought  if  the  area  was  reduced  very 
much  below  this,  extra  labour  would  be  entailed  in  charging  and 
clinkering,  as  well  as  extra  capital  cost  in  the  erection  of  the 
plant.    The  Author  mentioned  that  the  **  Meldrum  '*  and  "  Heenan  '* 
types  used  heated  air  for  forced  draught;  to  these  should  be  added 
the  "Sterling"  type,  as  in  Denmark,  with  a  12-cell  plant  capable 
of  burning  at  a  maximum  rate  of  something  like  200  tons  per  day. 
Xjarge  regenerators  were  fixed  with  great  success  on  the  suction 
side  of  the  fans,  and  there  would  be  no  doubt  that,  with  refuse  of 
poor  calorific  value  a  regenerator  was  an  absolute  necessity,     The 
question  of  forced  draught,  as  treated  by  the  Author,  did  not  give 
any  very  definite  preference  to  either  steam  jet  draught  or  fan 
draught,  and  he  thought  such  losses  might  occur  in  condensing 
the  steam  from  the  fan  engine  at  King's  Norton,  as  would  hardly 
justify  taking  the  figure  claimed  of  4' 17  per  cent,  as  absolute.    It 
seemed  to  him  to  be  fairer  to  take  a  case  where  the  fans  were 
electrically   driven   from   engines   and    dynamos,    deriving  their 
power  from  refuse  destructor  steam,  and  give  the  percentage  as 
to  the  total  electrical  power  raised  during  the  test ;  this  avoided 
any  possibility  of  error,  neglected  waste  through  traps  from  con- 
densation, steam  used  for  feed  pumps,  and  so  forth.     To  give  an 
example  of  such  a  case,  he  would  quote  a  recent  test  carried  out 
at  Isleworth  on  a  ** Sterling"  destructor.      Total  units  of  electri- 
city generated,  engines  running  partly  non-condensing  at  40  lbs. 
of  steam  per  k.w.  hour.     Units  used  for  forced  draught,  74  b.t.u.  , 
percentage  to  total  units  raised,  4-6.     If  for  condensing,  the  figure 
32  lbs.  per  unit  were  taken,  the  percentage  would  be  only  3-64,  but 
an  absolute  figure  was  far  preferable.     He  thought,  also,  that  Mr 
Leask  should,  in  giving  the  test  figures  at  Hackney  on  the  **  Ster- 
ling "  destructor,  have  given  them  as  published,  and  not  have  left 
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out  about  half  the  figures,  giving  details  of  electricity  generated,, 

percentage  of  power  raised  used  for  forced  draught,  etc       The 

remarks  condemniag  the  top  feed  pipe  of  the  destructor  were 

only  natural,  coming  from  one  whose  particular  furnace    ^ras 

usually  front  or  back  fed  by  shovel,  sometimes  called  "  putting 

it  on  by  the  spoonful."     There  was  no  need  to  make  an  opening 

in  the  reverberatory  arch  over  the  grate,  and  such  a  practice  should 

be  condemned  altogether  as  faulty ;  as  to  capital  outlay,  the  extra 

cost  was  fully  justified  by  the  better  sanitary  results,  the  better 

clinker,  and  easier  and  healthier  conditions  for  the  men  working 

the  destructor.     It  was  hardly  possible  to  shovel  refuse  which,  as 

Mr  Leask  admitted,  was  composed  of  all  sorts  and  sizes  of  material, 

without  scattering  it  about  the  floor  and  raising  a  large  amount  ol 

dust  in  w^hich  the  men  had  to  work,  whereas,  if  the  storage  bin 

was  well  arranged  for  top  feeding,  the  whole  operation  could  be 

carried  out  without  the  men  coming  into  contact  with  the  refuse 

since  long  rakes  were  employed,  and  any  amount,  not  necessarily 

a  cart-load,  could  be  put  on  the  fire.     It  was  quite  unnecessary 

for  smoke  to  come  from  the  opening,  and  a  chimney  of  110  feet 

was  quite  sufficient  in  a  properly  constructed  plant.     The  double 

handling  of  the  refuse  was  rather  a  fallacy,  since  the  labour  cost 

for  dealing  with  a  ton  of  refuse  in  a  "  Sterling"  plant  of  modem 

design,  from  the  time  it  was  tipped  into  the  bin  to  the  time  it  was 

removed  into  the  clinker  yard,  about  25  or  30  yards  from  the 

furnaces,  worked  out  at  61  pence  per  ton,  this  cost  including  the 

extra  money  given  to  a  leading  hand  to  attend  to  boilers,  fans,  and 

pumps.     This  figure  showed  even  less  labour  cost  than  Mr  Leask's 

mention  of  6*45  pence  per  ton,  with  no  extra  supervision  and  with 

men  at  4s.  8d.  per  shift,  as  against  wages  of  4s.  8d.,  5s.  4d.,  and 

5s.,  paid  per  10-hour  shift  to  men  obtaining  the  result  just  given ^ 

with  a  top  fed  "  Sterling  "  plant.      Again,  great  loss  occurred  in 

shovel  fed  furnaces  owing  to  the  greater  time  that  the  charging 

doors  were  open,  also  the  drying  of  the  refuse  upon  the  drying 

hearth  in  a  top  feed  destructor,  enabled  a  new  fire  to  be  got  away 

and  brought  up  to  a  great  heat  in  far  less  time.     In  connection 
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^^Fvdtih  the  list  of  main  points  to  be  considered  when  selecting  a  type 
o£     furnace,  as  given  by  Mr  Leask,  these  were  again  directed 
s^gainst  the  top  feed  destructor,  but  he  thought  the  specifications 
ol   many  engineers  in  this  country  and  abroad,  asking  for  "top 
£eed,'*  indicated  their  preference  after  viewing  the  various  types 
OTi  the  market.     Finally,  the  figures  given  for  evaporation  per  lb. 
of    refuse   were  very  misleading,   since  refuse  in  the  North  of 
Tlngland  and  the  Midlands  varied  in  calorific  value  very  much 
^when  compared  with  London  refuse,  and  was  often  superior  to 
the  extent  of  from  50  to  100  per  cent.     The  best  evaporation  the 
"Sterling'*  destructor  had  obtained  in  London  was  1-651  lbs.  of 
water  per  lb.  of  refuse,  from  and  at  212  degrees  F.,  at  the  com- 
bined Electricity  and  Destructor  Works  at  Bermondsey. 

Mr  D.  M'CoLL  (Glasgow)  stated  that  he  had  perused  Mr  Leask's 
paper  very  carefully,  and  it  struck  him  as  most  interesting  and 
instructive,  his  facts  and  deductions  being  well  marshalled  and 
lucidly  stated.  Passing  over  the  historical  portion,  the  first  point 
on  which  he  would  remark  was  the  type  of  furnace,  and  his  pre- 
ference was  distinctly  in  favour  of  the  continuous  grate,  it  giving, 
in  his  opinion,  the  best  combustion.  In  the  case  of  cells,  when 
one  required  repair  those  adjoining  must  also  be  thrown  out  of 
action  as  the  heat  would  be  so  excessive  that  men  could  not  work. 
Mr  Leask's  idea  of  constructing  the  reverberatory  arch  with  undu- 
lations was  certainly  novel  and  ingenious,  but  he  had  not  advanced 
proof  of  any  decided  advantage  which  would  accrue  from  this, 
while  on  the  other  hand  the  arch  would  be  difficult  to  build,  and 
still  more  so  to  repair.  Unless,  therefore,  very  great  improvement 
of  conditions  could  be  guaranteed  by  the  adoption  of  this  form, 
one  would  certainly  abide  by  the  plain  arch.  The  question  of 
forced  blast  and  the  best  method  of  producing  it  was  also  dis- 
cussed, and  Mr  Leask's  preference  was  for  a  fan  as  against  steam 
jets.  Both  of  these  methods  were  in  operation  in  connection 
with  the  Glasgow  Corporation  Cleansing  Department  of  which 
he  had  charge,  and  his  experience  was  that  the  steam  jet 
was    the    better,    the    results    being     more     satisfactory.       He 
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admitted  that  the  jet  used  most  steam,   hut  after  all  it 
but  a  small  proportion  of  the  total  generated,  and  there    -^roA 
this    advantage,   that   the    breakdown    of    a   jet    only    affecte>d 
the  grate  to  which  it  was  attached,   whereas   if  the  fan    got 
out  of  order,   the   whole   installation   was   affected.      The   de- 
terioration in  the  quality  of  the  cUnker  referred  to  had  not  come 
within  his  experience ;  in  fact  he  considered  the  clinker  produced 
in  the  steam  jet  furnace  superior  to  that  from  the  fan  blast  furnace, 
and  he  had  never  had  the  slightest  difficulty  in  finding  purchasers 
for  it.     The  method  of  feeding  the  furnaces  was  a  subject  which 
had  caused  a  considerable  amount  of  discussion  and  of  difference 
of  opinion.      In  Glasgow  the  furnaces  were  constructed  with  a 
top  feed,  and  the  advantages  referred  to  by  Mr  Leask  had  been 
experienced  in  their  full  force.      Being  just  over  the  grate,  the 
openings  were  exposed  to  the  full  radiated  heat  and  required 
frequent  renewal,  which  meant  practically  rebuilding  the  whole 
arch,  and  this  ran  the  cost  of  upkeep  to  a  very  high  figure.     In  a 
report  which  he  had  submitted  recently  he  recommended  the 
substitution  of  a  front  feed,  having  been  satisfied  that  by  this 
method  the  work  could  be  done  in  a  cleanly  manner,  the  refuse 
by  the  one  operation  spread  more  evenly,  and  the  cost  of  repairs 
materially  reduced.     There  was  no  doubt  that  the  dumping  of 
large  quantities  of  refuse  into  a  furnace  retarded  combustion  and 
lowered  the  temperature  for  the  time  being,  and  this  was  avoided 
by  the  front  feeding  process.     He  had  only  referred  to  one  or  two 
points  which  struck  him,  but,  as  he  said,  the  whole  paper  was 
eminently  instructive  and  suggestive,  and  well  repaid  perusal. 

Mr  David  R  Todd  (Member)  stated  that  he  had  read  Mr 
Leask's  paper  with  that  degree  of  interest  and  surprise  that  the 
statistics  the  Author  gave  were  well  calculated  to  excite,  and 
since  he  had  recently  had  an  opportunity  of  testing  their 
accuracy  he  ventured  to  hope  that  the  following  remarks, 
as  a  commentary  on  the  figures  might  be  of  service  to  those 
who  were  interested  in  the  question  of  refuse  destructors. 
Generally  speaking  he   submitted    that    the    claims    made    by 
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•  clestructor  makers  were   distinguished  by  other  features    than 
xindue   moderation,   but   when  it   was   found  that  the   average 
e^vatporative  results  of  the  four  "  Heenan"  destructors,  as  given 
\>y    Mr  Leask,  exceeded  by  48  per  cent,  the  average  of  all  the 
otliers  quoted  in   his  paper,  one  was  tempted  to  look  closely 
into  the  matter.     He  thought  that  strict  accuracy  in  his  figures 
^v^as  more  than  usually  incumbent  on  Mr  Leask,  since  in  develop- 
ing his  plant  he  had  availed  himself  with  conspicuous  liberality 
(^a*Dd  that  without  acknowledgement)  of  the  services  and  experi- 
•  ence  of  other  firms,  and  in  this  connection  had,  to  some  extent, 
imposed  on  them  a  responsibity  they  had  no  right  to  share.     This 
-was  more  worthy  of  remark  in  view  of  the  fact  that  in  recent 
practice  the  "  Heenan"  destructor  embodied  contradictory  features 
in  the  same  design,  so  that  any  benefit  that  might  accrue  by  the 
.adoption  of  one  principle,  or  system,  was  more  than  neutralized 
by  another.     As  Mr  Leask  disclaimed  responsibility  for  particulars 
other  than  those  connected  with  the  "Heenan "  destructor,  his  (Mr 
Todd's)  remarks  must  necessarily  be  confined  to  this  type,  although 
he  was  very  doubtful  about  the  accuracy  of  the  figures  quoted  in 
some  other  instances  as  well.    The  first  thing  that  would  be  obvious 
to  most  people  was  the  absence,  in  the  Tables  of  tests,  of  information 
on  the  following  points: — 1.  How  the  water  alleged  to  be  evaporated 
was  measured  ?     2.  The  quality  of  the  steam,  whether  it  was  wet, 
dry,  saturated,  or  superheated,  and  if  the  latter  the  degree  of 
superheat  reached?      3.  What  precautions  were  taken  (in  cases 
where  no  superheater  was  used)  to  prevent  priming,  or  if  priming 
occurred  how  it  was  measured,  and  what  deductions  were  made 
on  that  account  in  estimating  the  net  evaporation  ?     The  doubtful 
character  of  refuse  and  fuel  had  been  referred  to.     On  page  354, 
Mr  Leask  credited  King's  Norton  refuse,  with  a  very  substantial 
heat  value,  but  it  would  not  he  thought  convince  many,  especially 
when   the   size  of  average  analytical  samples   were  considered, 
that  such  tests,  no  matter  how  numerous,  could  be  taken  as  a  true 
measure  of  the  average  heat  value  of  a  mass  so  heterogenous  in 
-character  as  refuse,  or  that  samples  taken  in  1903  would  be  true 
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for  1905.      As  a  rough  approximation  for  practical  purposes    the- 
calorific  value  of  refuse  had  for  a  long  time  been  reckoned  at  otxg- 
third  to  one-fourth  the  heat  value  of  medium  coal,  and  in  fact;,    in 
a  previous  paper  read  before  the  Institution  of  Civil  Engineers    in 
Ireland,  on  4th  March,  1903,  Mr  Leask  accepted  this  and  assigned 
to  refuse  the  average  calorific  value  of  3,000  b.t.u.      On    liis- 
authority  then  in  the  following  Table  A,  he  had  taken  this  fignr^e 
as  the  basis  of  calculation  for  the  heat  value  of  refuse  burned  per 
hour.  Table  A  showed  in  parallel  columns  the  relative  performances 
of  the  Babcock  destructor  fired  boilers  at  Worthing  and  King's 
Norton,  and  that  on  page  351,  compared  with  the  corres|)onding 
duties  of  a  similar  boiler  of  nearly  equal  size,  coal  fired,  with  & 
mechanical  stoker  of  Babcock   &   Wilcox's  standard  and  most 
approved  type.      The  figures  of  this  test  (with  the  circumstances 
of  which  he  was  fully  conversant)  were  taken  from  that  Company's 
published  records.     This  trial  was  most  carefully  conducted,  and 
a  feature  of  special  importance  in  the  present  comparison  was, 
that  to  ensure  absolutely  dry  steam  being  produced,  the  super- 
heater was  kept  in  action,  and  the  steam  leaving  the  boiler  was 
moderately   superheated    about    89   degrees   F.      The  fuel  was 
elaborately  tested,  and  found  to  have  a  calorific  value  of  10,992 
B.T.U,      The  Lancashire  boiler  with  which  he  had  compared  Mr 
Leask's  Levenshulme  test  was  of  equal  size  to  the  latter,  and  was 
fired  in  a  similar  fasbion  to  the  Babcock  boiler  just  mentioned, 
with  coal  of  about  equal  value  (10,846  b,t,u).     The  comparison 
would  be  readily  understood;    the  respective  heating  surfaces, 
grate  surfaces,  etc.,  were  tabulated,  and  the  aggregate  heat  value 
in  millions  of  British  thermal  units,  available  per  hour  in  the  case 
of  the  coal  fired  and  destructor  fired  boiler  (the  latter  at  3,000 
B.T.U,  per  lb,)  were  given,  and  the  measure  of  efficiencies  of  the 
latter  compared  with  the  former  expressed  in  percentages,  in  terms 
of  the  water  evaporated  per  square  foot  of  boiler  heating  surface. 
It  would  be  noticed  that  Worthing  with  fuel  2  per  cent,  less  value 
in  the  aggregate,  actually  attained  in  efficiency  only  8*7  per  cent.. 
below  the  coal  fired  boiler.     Under  the  circumstances,  this  would 
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excite  considerable  suspicion,  "  but  it  is  only  a  little  one  "   (Mr 
Leask  said  it  was  a  small  destructor,  so  he  would  let  it  pass) ,  but 
coming  to  Levenshulme,  King's  Norton,  and  the  unnamed,  plant 
on  page  351,  there  was  evidence  that  boilers,  in  combination   'with 
destructors,  and  fired  with  fuel,  having  potential  values,  77,  23, 
and  6  per  cent,  in  excess  of  a  coal  fired  boiler,  surpassed    these 
latter  in  evaporative  efficiencies  by  86,  55,  and    17J  per    cent. 
respectively.    The  claim  was  absurd,  and  he  asked  Mr  Leask  if  he 
seriously  invited  those  among  them,  who  could  appreciate  the  differ- 
ence between  boilers,  direct  and  separately  fired  (independent  alto- 
gether of  the  special  disabilities  that  attended  destructors)  to  accept 
such  figures.      He  could  leave  the  matter  here  but  it  might  be 
claimed,  that  he  only  argued  the  question  by  inference.      This 
was  true  in  any  case  as  far  as  Worthing,  King's  Norton,  and 
Levenshulme  were   considered.      Fortunately  or  unfortunately, 
however,  from  whichever  side  it  might  be  regarded,  he  had  a  good 
deal  more  in  support  of  his  assertion  regarding  the  "  Heenan" 
destructor  mentioned  on  page  351,      Mr  Leask   claimed  for  it 
an  evaporative  duty  of  2*16  per  lb.  of  refuse  from  and  at  212 
degrees  F.      The  following  Table  B  showed  the  actual  results 
of  nearly  three  months  working.      During  one  week  only,  that 
ending    January    13th,    was    there    any   approach    to    the    test 
results  ?    but    alas !    this    must    be    attributed   not    to    the   de- 
structor   but    to    a    bad   leak    in    the    water    pipe,    which    was 
only  discovered  when  the  weekly  readings  were  being  checked 
over.      It  might  be  urged  with  some  appearance  of  reason  that  in 
consequence  of  varying  demands  for  steam,  the  total  heat  available 
in  the  refuse  was  not  properly  utilized,  but  against  this  must  be  set 
these  facts — 1,  that  all  the  water  registered  by  the  meter  was 
credited  to  the  destructor,  although  a  considerable  proportion  did 
not  enter  the  refuse  destructor  boiler  at  all,  and  2,  the  figures 
obtained  at  tests,  referred  to  below,  taken  in  conjunction  with  the 
average  weight  of  refuse  consumed  per  hour,  proved  an  apparent 
evaporation  considerably  lower  than  shown  in  Table  B.     In  this 
connection,  he  would  suggest  to  Mr  Leask  that  the  apparent  high 
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-duty  claimed  by  him,  at  least  in  the  case  of  the  destructor"  on  pa^g^ 

351,  was  due  to  one  or  all  of  the  following  circumstances  : X,  Tbe 

water  assumed  to  be  evaporated  was  measured  not  by  taoic  but  by 
ihe  station  meter.     2.  The  water  used  for  the  general  purposes  of 
the  station  passed  through  this  same  meter,  and  a  large  proportion 
of  the  total  quantity  registered  did  not  go  near  the  boilers   at  all. 
3.  The  steam  generated  by  the  boiler  was  very  wet.     It  was    in 
respect  of  this  latter  feature,  of  which  there  was  no  possible 
doubt,  as  a  very  few  minutes  stay  in  the  engine  room  proved 
.that  he  owed  his  knowledge  of  the  circumstances  and  found  tbe 
opportunity  of  testing  the  accuracy  of  Mr  Leask's  figures.     Wben 
reading  his  paper,  Mr  Leask  claimed  that  under  certain  conditions 
this  refuse  destructor  boiler  would  be  capable  of  supplying  enou^b 
steam  to  generate  150  units  per  ton  of  refuse  burned.     Table   B 
gave  the  station  records  in  this  respect,  but  the  questions  that 
caused  most  anxiety  and  demanded  close  investigation  were : — 
1.   The  apparent  abnormal  consumption  of  water  per  unit  of 
electrical  energy  generated;   and   2.  The  determination  of  the 
quantity  of  water  that  was  finding  its  way  into  the  steam  pipe, 
and  how  it  could  be  prevented.      It  was  agreed  at  the  very  outset, 
between  the  Borough  engineer  and  himself,  that  any  tests  in 
which  the  station  meter  was  used  for  measuring,  could  not  be 
upheld  as  absolutely  true  in  any  strict  or  scientific  sense,  but  as 
the  arrangements  of  the  station  did  not  admit  the  possibility  of 
employing  tanks,  and  as  the  meter  had  been  used  in  previous  tests 
for  the  destructor  and  was  in  the  last  resort  the  arbiter  of  the 
station's  liabilities  for  water  consumed,  it  was  decided  to  proceed 
on .  the  following  lines.      The   station  was  equipped  with  two 
Babcock  &  Wilcox  boilers,  one  with  1,966  square  feet  of  heating 
surface  without  superheater,  and  forming  an  integral  part  of  the 
"Heenan"  destructor  plant.     This  boiler  up  to  the  present  time, 
while  the  needs  of  the  station  were  small,  had  supplied  all  the 
steam  for  the  varying  loads  of  the  engine,  up  to  100  kilowatts. 
There  was  a  second  Babcock  boiler  of  2800  square  feet  heating 
surface,  fitted  with  a  superheater  and  coal  fired,  having  no  con- 
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Taection  whatever  with  the  refuse  destructor.  The  water  meter 
^vhich  was  coupled  to  the  town's  mains  discharged  the  water  into 
4&n  overhead  storage  tank,  from  which  all  the  supply  to  feed  the 
boilers  and  for  the  general  purposes  of  the  station  was  drawn. 
The  intermittent  demand  for  water  apart  from  the  boiler  naturally 
introduced  an  element  of  great  uncertainty,  and  special  provision 
had  to  be  made  to  deal  with  it.  It  was  arranged  to  keep  the 
water  in  the  storage  tank  at  a  fixed  level,  registered  by  a  pointer, 
and  checked  at  each  reading.  The  level  was  kept  well  below  the 
overflow  outlet  to  prevent  any  loss  of  water  from  this  cause.  In 
order  to  provide  whatever  water  was  wanted  in  the  station,  a  hose 
and  tap  fed  from  the  tank  at  constant  head  and  running  at  uniform 
rate  continually  throughout  the  test  was  arranged  for.  The 
quantities  discharged  per  hour  by  this  pipe  were  ascertained  by 
weight  and  corresponding  deductions  made  from  the  amounts 
registered  by  meter  at  the  conclusion  of  the  test.  The  water 
gauge  glasses  were  marked  and  the  water  in  the  boilers  maintained 
as  nearly  as  possible  at  a  constant  level,  finishing  at  the  mark  at 
the  close  of  the  test.  On  the  first  day  with  the  refuse  destructor 
boiler  only  in  use,  the  ordinary  station  load  was  carried,  and  a 
•sufficient  artificial  load  was  arranged  to  maintain  the  output  first 
at  one-half,  and  then  at  full  load.  The  electrical  output  registered 
by  the  recording  watt-meter  was  checked  continuously  by  indepen- 
dent volt-  and  am-meter  readings.  On  the  second  day,  the  refuse 
destructor  boiler  was  shut  ofif  entirely,  all  the  steam  for  the 
engines  being  supplied  by  the  coal  fired  boiler  with  superheated 
steam,  the  superheat  varying  from  70  to  100  degrees  F.  On  this 
occasion  a  programme  identically  similar  to  that  of  the  first  day 
was  carried  out.  The  result  of  the  first  day's  trial  with  the  refuse 
destructor  boiler  showed  an  apparent  average  water  consumption, 
"taking  the  varying  load  throughout  the  day,  of  43  lbs.  per  kilowatt. 
On  the  second  day  with  superheated  steam,  this  apparently  stood 
.at  25  lbs,  per  kilowatt.  On  the  assumption  that  whatever 
percentage  of  error  existed  in  one  case,  must  also  exist  in  the 
other,  and  making  every  allowance  for  the  increased  economy 
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necessarily  due  to  superheated  steam,  there  still  remained  a  large 
and  significant  difference  in  the  weight  of  water  consumed,  ^'hich 
could   only   be   accounted  for   by  excessive   "priming"    or    the 
discharge  of  water  in  gulps  into  the  steam  pipes.      No'w    he   did 
not  propose  to  make  any  dogmatic  assertions  in  consequence  of 
these  tests.     The  figures  in  spite  of  all  the  care  that  was  taken  to 
eliminate  errors  could  in  the  nature  of  things  only  be    approxi- 
mately  accurate.      They  were,   however,   relatively    correct     in 
respect  to  each  other,  or  to  any  previous  test  where  meter  reading's 
had  been  selected  as  the  standard.     The  point  of  all  this  as  far  as 
Mr  Leask's  paper  was  concerned  was: — If  the  refuse  destructor 
boiler,  supplying  as  it  did,  a  mixture  of  steam  and  water,    did   so 
only  to  the  extent  indicated,  how  did  this  compare  with  the  pounds 
of  refuse  consumed  ?     He  did  not  want  to  be  unnecessarily  exact- 
ing, and  in  view  of  percentage  errors  in  the  meter  readings  vrhich 
probably  existed,  he  would  waive  the  question  of  priming,  and  ^would 
give  Mr  Leask  the  full  benefit  of  the  43  lbs.  per  kilowatt  generated. 
Accepting  43  lbs.  per  unit,  at  average  loads,  and  taking  the  station 
figures  for  the  last  three  months  as  shown  in  Table  B,  he   bad 
compiled  Table  C  in  which  the  destructor  duty  had  been  worked 
out  on  the  basis  of  43  lbs.  per  kilowatt.      Instead  of  Mr  Leask's 
figure  of  1-877  lbs.  per  lb.  of  refuse,  or  the  station  figures,  Table 
B,  ri43  per  lb.  in  which  all  the  water  passing  through  the  meter, 
whether  going  to  the  boiler  or  not  was  credited  to  the  destructor, 
the  figures  corrected  for  boiler  evaporation  only  at  43  lbs.  per 
kilowatt,  would  average  over  the  whole  period  less  than  one-half 
pound  of  water  per  lb.  of  refuse.      He  regretted  that  these  notes 
had  run  in  length  beyond  the  limit  he  originally  intended,  but  the 
challenge  in  Mr  Leask's  paper  to  his  credulity,  or  the  possibilities 
of  the  case,  must  serve  as  his  excuse.     In  conclusion  he  would 
only  add  that  he  noticed  Mr  Leask  had  in  his  paper  consistently 
raised,  what  most  Members  of  the  Institution  would  recognise  as 
an  old  familiar  friend,  the  air  heater,  to  the  five  syllable  rank  of 
"  recuperator."      Perhaps  the  amplitude  of  his  notions  of  figures^ 
etc.,  justified  the  change.      At  any  rate  the  name  possessed  what 
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the  ''  Heenan*'  destractor  in  most  respects  lacked,  the  merit  of 
originality. 

Mr  William  Wabner  (Nottingham)  considered  that  the  paper 
given  by  Mr  Leask  was  primarily  intended  to  boom  the  '*  Heenao 
and  Froude  "  destructor,  as  it  did  not  give  much  information,  and 
none  of  the  good  qualities  of  other  types,  and  it  was  also  evident 
to  him  that  the  Author  purposely  withheld  the  improvements  and 
details  which  had  been  invented  by  himself  and  others  since 
destructors  were  introduced.  In  speaking  of  the  **  Warner  "  destrac- 
tor he  said  *'  This  furnace  was  an  off-shoot  of  the  'Fryer '  type." 
If  any  apprentice  examined  the  details,  he  would  at  once  see  that 
it  was  no  "  off-shoot "  at  all,  but  a  totally  different  constructed 
furnace,  and  it  would  not  take  a  very  experienced  engineer  to  see 
that  the  points  spoken  so  highly  of  in  the  "  Heenan  and  Froude  " 
destructor  were  precisely  the  same  points  as  m  all  other  weli- 
known  types,  and  the  only  difference  to  some  furnaces  was  a  kind 
of  continuous  grate,  which  was  introduced  many  years  ago,  and 
tried  by  himself,  when  it  was  found  troublesome  with  regard  to 
feeding,  clinkering,  and  the  handling  of  the  products  of  combus- 
tion.    It  seemed  extraordinary  that  Mr  Leask  should  make  such 
grand  points,  when  he  must  know  that  practically  no  destructor 
would  do  more  than  another  when  built  upon  modem  lines,  and 
as  now  constructed  by  four  or  five  leading  makers,   and    an 
engineer  would  guarantee  to  get  equal  results  from  the  same  }dnd 
of  refuse  with  any  one  of  these  destructors. 

Mr  Leask,  in  reply,  said  that  contrary  to  Mr  Wilkie's  state- 
ment that  "  he  professed  to  deal  with  the  history  and  evolution 
of  types  of  furnaces,"  reference  to  his  paper  would  prove  that 
**  some  reference  only  would  be  made  to  the  history,"  and  that 
reference  was  made  with  a  view  to  bring  out  the  fact  that  there 
were  two  families  of  destructors ;  one  distinguished  by  its  grates 
being  isolated  and  connected  to  a  secondary  combustion  chamber, 
and  the  other  wherein  the  primary  combustion  chamber  was 
common  to  a  number  of  grates.  He  had  said  that  the  ''  Heenan " 
destructor,    as    now    constructed,    was    evolved    from    furnaces 
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patented  in  1893.  This,  perhaps,  would  have  been  better  stated 
liad  he  said  that  the  "  Heenan  "  destructor,  as  now  constructed, 
-was  evolved  from  furnaces  patented  prior  to  1894,  not  by  Mr 
Heenan,  nor  by  Mr  Leask,  nor  by  Messrs  Meldrum.  The  state- 
ment was  not  so  remarkably  loose  as  Mr  Wilkie  would  wish  to 
imply,  nor  was  it  wholly  misleading  or  unfair,  the  common  com- 
bustion chamber  type  having  in  fact  a  prior  claim  to  that  made 
by  Messrs  Meldrum.  When  Mr  Wilkie  came  to  deal  with  actual 
facts,  he  went  very  seriously  wrong.  The  most  pertinent,  but  not 
necessarily  the  most  admissible  facts  were  those  to  be  found  in 
the  records  of  the  Patent  Ofl&ce,  and  he  relied  on  those  records 
for  the  statements  he  had  made  above.  The  name  '*  Heenan  " 
could  not  be  identified  in  any  way  whatsoever  with  the  **  Bennett- 
Phythian  "  furnace.  The  *'  Heenan  "  twin-cell  was  not  a  modifica- 
tion of  the  "Bennett-Phythian."  It  was  another  way  of  carrying 
out  a  principle  which  had  apparently  been  recognised  by  many 
engineers  for  at  least  half  a  century,  and  had  been  patented  in 
many  forms  and  on  many  occasions  during  that  fifty  years  both  at 
home  and  abroad.  He  did  not  deny  the  resemblance  which 
•existed  between  Messrs  Meldrum's  **  Simplex  "  furnace  and  the 
•*  Heenan,"  but  he  claimed  that  Messrs  Heenan  and  Froude  had 
-equal  right  to  the  features  wherein  the  similarity  existed.  Mr 
Goodrich's  work  on  '*Kefuse  Disposal  and  Power  Production," 
irom  which  an  illustration  had  been  introduced  by  Mr  Wilkie,  and 
which  was  calculated  to  give  an  erroneous  impression,  was  no 
doubt  a  very  excellent  treatise  from  Messrs  Meldrum's  point  of 
view.  Perhaps  it  was  consistent  with  Mr  Wilkie's  idea  of  moral 
rectitude  that  Mr  Goodrich,  in  publishing  the  compilation,  did  not 
disclose  the  fact  that  he  was  servant  and  representative  of  a  parti- 
cular maker.  To  those  who  knew,  such  a  work  was  relegated  to  the 
■category  of  a  trade  catalogue.  The  Author  denied  that  any  success 
that  might  be  achieved  on  his  plant  was  the  product  of  brains  and 
experience  other  than  that  of  the  destructor  stafif  of  his  firm.  In 
1903  he  had  employed  the  words  credited  to  him  by  Mr  Wilkie, 
J)ut  he  had  used  the  word  ''apparently"  advisedly.     Mr  Wilkie 
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considered  that  he  should  have  made  some  acknowledgement  to 
Messrs  James  Howden  &  Co.  for  the  use  of  an  air  heater  in  con- 
nection with  his  furnace.     Although  Messrs  Howden  might  have 
perfected  an  air  heater,  it  was  questionable  whether  thej'  were  the 
originators  of  the  idea.   Reference  to  Bourne's  work  on  the  Steam 
Engine,  published  about  1859,  showed  that  this  was  in  the  minds 
of  all  thinking  engineers  prior  to  that  date.      Mr  Wilkie  knew 
nothing  of  the  relations  between  Messrs  Howden   and   Messrs 
Heenan  &  Froude,  suffice  it  to  say  that  the  relationship  was  one 
of  buyer  and  seller,  and  called  for  no  acknowledgement  beyond 
payment  of  accounts.     He  could  not  follow  Mr  Wilkie's  logical 
conclusion   in   his  reference  to  Mr  Fryer,  but  he  thanked   Mr 
Wilkie    for   having   brought   to   his    notice  Mr  Alliofs   patent. 
No.  17,630,  of  the  year  1887,  which,  on  examination,  disclosed 
a   furnace   wherein   there   was   a  common    furnace  chamber,  a 
secondary  combustion  chamber  and  steam  boiler,  and  a  regenera- 
tor or  air  heater.     This  patent  included  or  referred  to  the  patent. 
No.  8690,    1885,   of  Mr  Jones,    for    a    fume    cremator,   which 
one  could  imagine  probably  inspired  Messrs  Meldrum  in  1894. 
He  did  not  think   that  the  same  course   of  reasoning  or  line 
of  thought,    as  Messrs   Meldrum  had  exhibited  in  their  earlier 
patent,    had   finally  evolved  their    1894    patent.      He   thought 
that  other  engineers,  on  examining  Patent  8690,  would  arrive  at 
the  same  conclusion  that  he  himself  arrived  at,  and  therefore  that 
Mr  Goodrich's  reference  to  the  fume  cremator  in  his  compilation 
entitled   "Eefuse  Disposal    and  Power  Production,"   was  very 
near  the  truth  when  he  (Mr  Goodrich)  said  that  "one  should 
not    make    little    of    the  bridge  that  carried  one  over."       Mr 
Wilkie  broke  down  his  own   contention  with  reference  to  the 
corrugated  arch  when  he  said  that  the  particles  were  projected 
from  the  furnace.     The  gases  flowing  from  the  burning  mass  of 
fuel  had  some  initial  velocity  on  entering  the  furnace  chamber, 
and,   therefore,   displaced   and  affected  the  stream  lines  which 
would  be  set  up  by  the  vacuum  in  the  chamber.     There  was  no 
necessity   to   dilate  on   Mr  Wilkie's  conclusion,   but  suffice  it 
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to   say  that  the  action  described   could  be  seen  by  the  naked 
«ye    l>y  axiy  person  inspecting  the  furnace.      He  could  give  a 
number  of  tests  which  showed  CO,  over  17  per  cent.,  and  that 
over  long  periods,  but  he  maintained  that  it  largely  depended  on 
ttie  position  at  which  the  analysis  was  taken  as  to  what  the  com- 
position would  be ;  the  pull  of  the  chimney  having  a  material  effect 
on  leakages.     Contrary  to  the  impression  which  Mr  Wilkie  would 
like  to  convey,  the  system  of  arch  construction  which  he  stated 
had  been  advocated  by  Mr  Leask  some  years  ago,  and  still  ad- 
vocated by  him  for  certain  types  of  furnaces,  the  construction  was 
not  weak  and  had  never  caused  the  slighest  anxiety  nor  called  for 
repairs.     The  reason  which  Mr  Wilkie  gave  for  the  arch  of  the 
furnaces  being  built  in  an  undulating  form  was  incorrect  and  the 
true  and  only  reason  was  that  stated  in  the  paper.    It  was  pleasing 
to  note  that  Mr  Wilkie  was  in  accordance  with  him  on  at  least  one 
point,  viz ;  that  relative  to  air  heating.     With  regard  to  the  steam 
jet  he  gave  Mr  Stromeyer  as  his  authority  for  the  percentages  of 
steam  used.     He  thought  he  was  right  in  stating  that  these  were 
estimated  percentages  arrived  at  by  a  deductive  method  and  that 
they  were  not  dir6ctly  measured,  nor  was  he  aware  that  Messrs 
Meldrum  had  ever  dared  to  make  public,  figures  in  which  the  steam 
required  for  forced  draught  was  measured  by  the  evaporation  in  an 
independent  boiler.     They  could  not  contend  that  this  method 
was  too  expensive  or  too  difficult  to  adopt,  it  would  probably  be 
too  exact  a  method.     Mr  Goodrich  had  himself  stated  that  it  took 
15  per  cent.      Unfortunately,  Mr   Maxwell's  statement  in   the 
Electrical  Engineer  of   1892,   could  not   be  taken   as  a  guide. 
'Whereas  Mr  Maxwell  himself  said  "  I  have  made  no  tests  "  he 
(the  Author)  did  not  say  that  the  evidence  of  Mr  Maxwell  was 
incorrect,  but  he  maintained  that  the  fault  lay  with  the  quantity 
of  air  supplied  by  the  fan  which  was  the  crux  of  the  whole 
question.     The  difficult  part  of  the  destructor  to  design  was  not 
the  air  heater,  as  alleged  by  Mr  Wilkie,  but  rather  the  fan  and 
distribution  of  the  air  supply,  especially  when  dealing  with  fuel 
80  irregular  in  quality  and  nature  as  refuse.     Mr  Wilkie  had,  for 
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reasons  best  known  to  himself,  been  forced  to  cease  to  advocate 
one  system  of  feeding  over  another,  and  the  inclusion  or  omission 
of  a  drying  hearth.       Apparently    he    liked  to  run     with    the 
hare  and  hunt  with  the  hounds.      There  were  back-fired  furnaces 
in  vogue  long  before    Messrs    Meldrum    built    theirs     in    1900. 
Mr  Wilkie's  judicial  mind  had  now  decided  that  all  tests  other 
than  those  carried  out  by  entirely  disinterested  parties  were  not 
reliable.      It  was  another  example  of  the  elasticity  of  the  moral 
rectitude  of  which  he  had  spoken  that  enabled  him  to  still  make 
use  of  those  tests  which  he  now  claimed  as  worthless.      He  did 
not  think  it  was  possible  to  draw  up  a  reliable  balance  sheet,  no 
matter  who  tested  the  plant.     He  agreed  with  Mr  Wilkie  that  the 
real  test  of  a  plant  was  its  regular  everyday  work,  and  that  the 
cost  of  labour  on  tests  was  no  criterion  except  as  to  what  could  be 
done.     Mr  Wilkie  had  evidently  been  misled  by  the  fact  that  in 
printing  the  paper  the  cost  of  burning  the  refuse  had  been  acci- 
dently  omitted,  it  was  in  the  original  manuscript  that  this  cost 
was  sevenpence  per  ton,  and  it  continued  at  sevenpence  per  ton 
to  this  date,  and  it  was  with  reference  to  the  closeness  of  the  cost 
of  labour  on  the  date  of  the  test  to  the  regular  cost  of  labour  tba( 
he  had  drawn  attention.     The  condemnatx)ry  evidence  quoted  by 
Mr  Wilkie  from  the  Public  Health  Engineer  was  only  condemnatorj' 
as  regards  the  reliability  of  newspaper  reports  in  matters  of  this 
kind,  and  he  would  quote  from  the  Public  Health  Engineer  the 
contradiction  of  the  statement: — 

Barrow. — "The  notice  which  appeared  in  our  issue  of  7th  April 
with  regard  to  the  destructor  was  written  under  a  misapprehension 
of  the  facts.  The  surveyor  and  engineer  (Mr  J.  Walker  Smith), 
informs  us  that  the  electricity  works  and  the  destructor  had  been 
using  one  chimney,  but  owing  to  the  extension  of  the  electricity 
works  this  had  now  been  found  insufficient,  hence  it  is  proposed 
to  build  an  independent  chimney  for  the  refuse  destructor  at  a 
cost  of  £1000,  which  capital  expenditure  has  till  now  been  saved. 
The  position  of  the  new  chimney  being  different  from  that  of  the 
old  one,  necessitates  the  removal  of  portions  of  the  smaller  plant 
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and  other  modificaidoDS  which  will  facilitate  the  working  but  will 
entail  further  expenditure  of  about  £300.  He  also  informs  us 
that  it  is  wrong  to  say  that  the  refuse  destructor  is  defective  or 
unsatisfactory,  what  small  difficulty  has  arisen  has  been  caused 
absolutely  by  the  back  draught,  fundamentally  arising  from  the 
absence  of  chimney  pull." 

Headers  could  draw  their  own  conclusion  as  to  why  this  special 
notice  was  inserted  by  Mr  Wilkie  and  to  the  moral  rectitude  dis- 
played.   It  was  unpardonable  of  Mr  Wilkie  because  from  his 
knowledge  of  other  people's  business  he  could  not  be  wholly 
unaware  of  the  true  facts.     He  disagreed  with  Mr  Wilkie  that 
meetings  of  Institutions  such  as  this  was  the  place  to  discuss  the 
rights  and  claims  of  inventors  and  manufacturers  of  patented 
specialities.    The  laxity  in  the  patent  system  consisted  in  allowing 
individuals  to  patent  the  same  thing  without  even  being  dished  up 
in    a  different  manner.      He  contended  that  in  the  twentieth 
century,  in  any  industry  which  had  existed  for  fifty  years,  it  would 
be  difficult  for  an  engineer,  however  single  minded  and  however 
inspired,  to  actually  discover  something  which  many  other  equally 
well    furnished  minds    with  equal  opportunities    had  failed  to 
recognise.    Eeplying  to  Mr  Wyllie's  criticism,  he  believed  that 
refuse  could  be  burnt  without  nuisance  in  the  "  Fryer  "  type  just  as 
well  as  in  some  of  the  types  at  present  on  the  market.     The  back 
feed  type  as  constructed  by  Messrs   Horsfall  had  never  been 
copied  by  Messrs  Meldrum  or  Messrs  Heenan  and  Froude  so  far 
as  he  was  aware.    He  would  point  out  to  Mr  Wyllie  that  although 
the  furnace  arch  was  heated  up  and  acted  as  a  reservoir  of  heat, 
this  heat  hardly  affected  the  gases  generated  in  the  furnace,  and 
practically  only  those  in  contact  with  the  arch.     He  thought  that 
most  engineers  would  give    the    preference    to  cremation  and 
mixing  within  the  furnaces,  that  was  provided  they  wished  to 
maintain  the  temperature  therein.     He  would  tell  Mr  Wyllie  how 
many  sets  of  firebars  had  been  put  in  at  Eathmines  since  the 
plant  there  had  been  set  to  work.     Up  to  the  date  on  which  Mr 
Wyllie  spoke  twenty  single  firebars  had  been  replaced  in  an  instal- 
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lation  of  six   cells.      He  could  not  follow  Mr  Wyllie  "when  he 
referred   to   the    difference   between  reducing   the    temperatare 
of    the    flue  gases   by  means   of   an  air  heater    or    an    econo- 
miser.       If    the    water    were    returned    from    the    economiser 
at    say   250    degrees    F.,    and    in    another    case    the     air     was 
supplied  by  an  air  heater  at  the  same  temperature,   the    gases 
leaving  the  economiser  would  be  at  a  very  much  lower  tempera- 
ture than  the  gases  leaving  the  air  heater.     In  some  cases  it  was 
advisable  to  employ  both  an  air  heater  and  an  economiser,  but 
this  was  seldom  justified  on  the  score  of  expense,  and  as  the  main 
object  of  the  destructor  was  to  destroy  the  refuse  without  nuisanoe, 
that  system  which  had  for  its  object  the  furthering  of  this  purpose 
would  be  the  only  one  to  choose.     Mr  Wyllie  could  hardly  hare 
thought  before  he  stated  that  the  air  in  the  ashpits  was  actually 
heated  up  to  a  temperature  of  from  400  to  500  degrees  F.,  more 
especially  when  he  said  that  the  side  boxes  took  the  heat  from  the 
clinker  where   it  was  not  required.     He  would  maintain  that  ii 
Mr  Wyllie  had  thought  for  a  moment  before  he  had  made  this 
statement  it  would  never  have  been  made.     It  was  a  simple  one 
to  examine  and  he  would  proceed  to  do  so,  giving  the  benefit  on 
every  point  to  Mr  Wyllie's  contention.     Fiistlif,  assume  that  the 
refuse  yielded  one-third  of  its  weight  in  clinker;  sec(mdhjj  that  the 
whole  of  this  clinker  was  in  contact  with  the  side  boxes ;  thirdlyy 
that  the  clinker  v?as  reduced  in  temperature  from  1500  to  500 
degrees  F.  before  being  withdrawn  from  the  furnace;  and /ourtWy, 
that  the  specific  heat  of  clinker  was  say  -25.     Basing  the  calcula- 
tions  on,  say,  10  tons  of  refuse,    it  would  be   found  that  the 
heat  available  from  the  clinker  would  be  about  2,000,000  heat 
units,   whilst  that  required  to  heat  the  air  to  500  degrees  F. 
would    be     about     8,000,000    heat     units,     figures     which     he 
thought    were    sufficiently   eloquent   without   further    comment. 
He  would  submit,  as  he  had  already  done  in  his  paper,  that  it 
was  impossible  for  Mr  Wyllie  to  measure  the  true  temperature 
of  the  air  in  the  ashpit.     Replying  to  Mr  Maxwell,  Mr  Leask  said 
he  had  never  put  forward  the  chief  mission  of  the  destructor  as 
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being  to  raise  steam.  All  his  efforts  had  been  mainly  directed  to 
4»>nsume  the  refuse  with  a  minimum  of  cost  and  without  nuisance 
whatsoever.  When  this  was  done  it  followed  as  a  corollary  that 
the  maximum  steam  would  be  generated.  With  regard  to  the 
second  point  raised  by  Mr  Maxwell,  he  upheld  the  view  that 
£gTires  obtained  in  the  tests  quoted  by  him  could  be  maintained 
under  actual  working  conditions,  and  that  in  the  destructors 
built  by  him  where  steam  was  fully  employed,  the  average  work- 
ing conditions  were  a  great  deal  higher  than  the  50  per  cent, 
referred  to.  Mr  Maxwell  proceeded  to  point  out  that  it  was 
because  the  heat  could  not  be  utilised  that  the  average  evaporation 
Tvas  less  than  that  obtained  on  tests.  Eeaders  would  see  that  Mr 
Maxwell  had  evidently  changed  the  opinion  he  expressed  in  the 
Electrician  in  1902  as  quoted  by  Mr  Wilkie.  He  did  not  at  all 
-agree  with  Mr  Maxwell  on  the  point  of  higher  evaporative 
efficiency.  Whilst  a  larger  amount  of  heat  was  given  out  by 
radiation  in  the  intervening  combustion  chamber  with  the  con- 
tinuous type,  a  large  amount  of  possible  heat  was  never  generated 
at  all  within  the  type  of  furnace  from  which  Mr  Maxwell  was 
drawing  his  conclusions,  and  he  would  point  out  to  Mr  Maxwell 
that  what  he  advocated  on  the  one  hand  was  negativing  the 
desideratum  of  the  destruction  of  refuse  to  a  minimum  of  nuisance. 
He  had  pointed  out  in  his  paper  that  a  boiler  situated  in  the 
position  indicated  by  Fig.  8  which,  he  believed,  was  similar  to 
that  existing  at  Partick,  would  give  fair  evaporative  results,  but 
that  the  gases  would  pass  up  the  chimney  in  an  unburnt  condition. 
He  would  submit  that  the  steady  steam  pressure  said  to  exist  at 
Partick  was  due  not  to  this  position  of  the  boiler,  as  claimed  by 
Mr  Maxwell,  but  rather  that  the  refuse  was  probably  never 
allowed  to  bum  out  completely  and  be  reduced  to  a  hard  clinker 
free  from  organic  matter.  As  to  the  question  of  feeding  the 
furnaces  he  maintained  that,  with  top  feed  in  the  process  of 
charging  the  furnaces  the  men  were  brought  even  more  closely 
into  contact  with  the  refuse  than  with  the  shovel  feed.  Mr 
Maxwell  was  evidently  arguing  from  a  point  of  view  of  generating 
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steam  when  be  said  that  "it  was  generally  recognised  nowadays 
that  the  advantages  obtained  by  heating  the  air  supply  were  not 
nearly  so  great  as  by  utilising  the  heat  in  economisers  for  heating 
the  feed  water/'     How  would  heating  the  feed  water  improve  the 
combustion  in  the  furnaces?    He  accepted  Mr  Eowan's  correction 
and  agreed  with  him  that  it  would  be  very  much  better  to  insert 
the  words  "of  the  gases"  after  "high  specific  volume."     He  had 
examined  the  reference  given  by  Mr  Bowan  in  "Practical  Physics 
of  the  Modern  Steam  Boiler,"  and  he  was  forced  to  admit  that 
the  method  adopted  by  Mr  Kowan  was  probably  a  correct  method 
of  ascertaining  the  theoretical  rise  in  temperature  in  the  furnaces 
due   to  heating  of  the  air.     He  was  pleased  that  Mr    Rowan 
had  made  his  meaning  more  clear  when  he  referred  to  the  rise  in 
temperature  of  the  air  for  the  support  of  combustion,  as  Mr 
Rowan  had  put  the  matter  in  exactly  the  way  he  had  wished  it  to 
be  construed.     It  was  also  pleasing  to  note  that  his  feeling  with 
regard  to  the  steam  jet  versus  fan  produced  draught  was  borne  out 
by  an  engineer  of  such  long  and  general  experience  as  Mr  Rowan. 
He  agreed  with  Mr  Chant  when  he  (Mr  Chant)  said  that  it  was 
a  pity  that  the  gentlemen  who  opened  the  discussion  had   not 
dealt  at  greater  length  with  the  types  of  destructors  they  upheld. 
With  a  view  to  promoting  wider  interest  in  the  paper  he  had  speci- 
ally requested  the  Secretary  of  the  Institution  to  send  a  copy  of  the 
paper  to  each  of  the  makers  of  refuse  destructors,  and  he  thought 
in  doing  so  he  had  fully  fulfilled  his  obligations  towards  those 
makers,  and  that  much  interesting  information  would  have  been 
brought  out  thereby.     He  could  not  give  any  instances  where  the 
diminution  of  the  death  rate  could  be  attributed  directly  to  the 
destructor,  but  there  were  notable  decreases  in  the  death  rate  in 
towns  since  cleansing  was  actively  carried  out  by  the  authorities. 
It  was  stated  recently  at  Salford,  that  since  the  inauguration  of 
the  cleansing  department,  the  death  rate  had  diminished  very 
considerably.     It  was  to  be  noted  that  refuse  destructors  formed 
a  very  important  adjunct  to  the  cleansing  departments  of  most 
cities.      He  was  of  opinion  that  the  hydraulic  mean  depth  of 
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the  flues  and  all  passages  bad  more  effect  on  the  settlement  of 
dust  than  almost  anything  else.     No  doubt  the  gases  leaving  the 
air  beater  acted  in  the  manner  described  by  Mr  Chant,  but  the 
tubes  themselves  formed  a  very  excellent  dust  catcher  for  the  very 
finest  particles.     Mr  Chant  very  properly  pointed  out  that  the 
types  of  destructors  employing  a  very  high  water  gauge  in  the 
ashpits  would  require  a  correspondingly  high  expenditure  of  power 
for  the  production  of  the  draught.     There  were  other  drawbacks 
to  the  high  pressure.     Such  a  high  pressure  in  the  ashpits  resulted 
in  a  considerable  pressure  in  the  furnace  chamber  itself,  which,, 
while  it  performed  the  good  office  of  maintaining  a  high  tempera- 
ture and  showing  a  high  percentage  of  COg  rendered  the  mainten- 
ance of  the  furnace  almost  impossible  from  a  cleansing  department 
point  of  view.     With  regard  to  the  top  feed  there  was  no  doubt 
that  this  was  chosen  by  many  makers  on  account  of  the  general 
arrangements  of  their  furnaces,  combustion  chamber,  and  boilers- 
He  was  very  interested  to  learn  from  Mr  J.  H.  Thwaites  that  the 
"Sterling"  destructor  in  Denmark  used  heated  air  for  forced  draught. 
He  would  point  out,  however,  that  the  fans  dealing  with  heated 
air  would  require  a  greater  h.p.  to  operate  them  than  when  hand- 
ling the  same  weight  of  air  at  atmospheric  temperature,  and  would 
probably  be  less  efficient  and  their  upkeep  more  costly  finally.     He 
did  not  think  he  had  unfairly  dealt  with  the  test  figures  at  Hackney. 
He  did  not  give  such  details  when  considering  tests  by  other 
makers,  or  those  in  which  he  himself  was  interested,  the  reason 
being  that  so  much  depended  on  the  type  and  size  of  engine  and 
the  load.      The  comparative  measure  of  the  value  of  the  various 
destructors,  from  a  producing  point  of  view,  was  the  evaporation 
of  water.      He  had  no  interest  whatsoever  in  condemning  the  top 
feed  destructor ;  he  had  merely  stated  his  experience,  and  he  had, 
as   a  matter  of  fact,  constructed  more  destructors  of  the  top 
feed  type  than  of  any  other,  and  therefore  he  thought  that  having 
knowledge  of  practically  all  the  types  it  would  give  his  experience 
some  weight.     He  had  not  the  slightest  doubt  that  putting  in  the 
refuse  by  the  spoonful,  as  Mr  Thwaites  had  playfully  called  the 
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shovel  feed,  was  the  best,  and  most  maker>;  of  mechanical  stokers 
had  been  endeavouring  to  do  this  for  many  years.     No  doubt  the 
spoonfuls  of  refuse  would  require  to  be  larger  than  the  spoonfuls 
of  coal.     He  could  not  see  how  the  clinker  was  improved  by  the 
top  feed  as  suggested  by  Mr  Thwaites.     His  experience  was  to  the 
contrary  owing  to  the  difficulty  of  getting  with  this  arrangement 
of  feeding  a  thick  fire  which  was  so  necessary  when  dealing  -with 
material  of  so  miscellaneous  a  character.     He  had  proved  to  his 
own  satisfaction  at  least,  and  the  satisfaction  of  many  engineers  in 
addition,  that  the  back  feed  was  easier  and  more  sanitary  for  the 
men  working  the  destructor.      He  would  like  to  know  from  Mr 
Thwaites  the  size  of  the  plant,  and  for  w^hat  period  the  cost  of 
dealing  with  the  refuse  worked  out  at  6- Id  per  ton,  and  what  was 
the  cost  of  repairs  ?     Mr  Thwaites  referred  to  many  engineers  in 
this  country  and  abroad  as  asking  for  "top  feed"  as  indicating 
their  preference  after  viewing  various  types  on  the  market.      He 
(Mr  Leask)  could  not  accept  that  view.     He  admitted  that  most 
people,  on  first  examining  the  question,  as  he  himself  had  done, 
would  imagine  that  the  top  feed  was  the  most  satisfactory,  but  be 
had  found  on  enquiring  from  engineers,  who  had  had  20  years 
experience  of  both  top  and  back  feed  destructors,  that  they  had 
come  to  the  conclusion  that  back  feed  gave  the  most  satisfactory 
results  all  round.     He  thought  that  if  Mr  M*Coll  saw  the  undula- 
ting arch  during  construction  he  would  observe  that  it  was  not 
more  difficult  to  build  than  the  straight  arch,  nor  could  the  repairs 
be  expensive.     He  would  point  out  that  with  the  removal  of  the 
apertures  in  the  arch,  the  probability  of  having  to  repair  the  arch 
during  the  lifetime  of  the  destructor  was  very  small  indeed.     Mr 
M'CoU's  experience  of  the  steam  jet  and  fans  in  connection  with 
the  Glasgow  Corporation  Cleansing  Department  was  very  interest- 
ing.     He  would  like  to  know,  however,  what  precautions  Mr 
M*Coll    had    taken    to    ensure,   even    approximately,   the    same 
quantity  of  air  being  used  when  he  compared  the  fans  and  the 
steam  jets,  as  it  appeared  to  him  to  hinge  on  this  point.     He  had 
found  that  the  kernal  of  the  whole  question  of  a  refuse  destructor, 
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a.^ t^r  a  common-sense  form  of  furnace,  hinged  on  the  air  supply, 
£wrk<l   the  fan  had  proved  the  most  difficult  part  of  the  plant  to 
design.     From  his  experience  he  had  found  that  to  select  a  fan 
ix^om  a  trade  catalogue  and  instal  it,  and  set  it  to  work,  was  not 
likely  to  give  good  results.     He  had,  after  much  difficulty,  arrived 
Gkti    a  type  of  fan  that  gave  results  which  appeared  impossible  to 
l^eat.     Such  temperatures  had  been  obtained  as  were  inadvisable 
o^^wing  to  the  softening  of  the  firebrick  lining  and  the  accumulations 
of    liquid  dust,  and  his  endeavours  were  now  turned  in  the  direc- 
t^ion  of  maintaining  a  fair  temperature.     He  thought  it  a  pity  that 
'Sir  M*Coll  had  not  stated  from  what  point  of  view  the  results  had 
been  more  satisfactory  with  steam  jets.     He  felt  that  Mr  Todd's- 
desire  had  not  been  to  enhance  the  value  of  the  paper  by  adding 
further  information,  but  rather  to  discredit  an  attempt  to  interest  the 
"Members  of  the  Institution.  With  regard  to  the  services  and  experi- 
ence of  other  firms  which  Mr  Todd  alleged  he  had  availed  himself  of 
^th  conspicuous  liberality,  he  (the  Author)  was  surprised  at  such  a 
statement,  as  a  cross-examination  on  certain  correspondence  must- 
have  left  it  fresh  in  Mr  Todd's  mind  that  such  firms  were  without 
experience  on  the  subject  in  question,  and  were  desirous  of  obtain- 
ing the  same.     He  was  pleased  to  note  that  Mr  Todd  repudiated 
responsibility,  and  trusted  that  he  would  continue  to  do  so.     Had 
Mr  Todd  been  desirous  of  imparting  information  to  Members  he 
would  have  stated  what  the  contradictory  features  were,  but  such 
evidently  was  not  his  object.     In  reply  to  the  questions  raised  he 
would  say :  Firstly,  That  sometimes  the  water  delivered  to  the  boilers 
was  measured  in  tanks  in  the  most  approved  manner,  and  some- 
times by  two  meters  specially  calibrated  for  the  test.     Secondly^ 
The  steam  was  sometimes  wet,  dry,  saturated,  and  even  super- 
heated, especially  in  the  case  of  King's  Norton  where  the  minimum 
temperature   of   the  steam   was   516  degrees  F.      Thirdly,  No 
extraordinary  precautions  were  taken  to  prevent  priming,  and  no 
deductions   were  made  on   that   account  in  estimating  the  net 
evaporation.     He  was  one  of  those  engineers  who  did  not  think  it 
possible  to  arrive  at  the  calorific  value  of  refuse  with  any  degree 


REFUSE   DESTRUCTORS 
MrLeadL 

of  accuracy,  but  he  might  inform  Mr  Todd  that  a  large  number  of 
samples  were  collected  at  the  time  of  the  test  in    1906,    in  a 
similar  manner  to  those  that  were  collected  in  1902,  and  that 
•those  samples  were  submitted  to  another  analyst  who  reported 
that  the  refuse  contained  approximately  4500  b.t.u.       Because 
he  had  stated  in  1903  that  in  his  opinion  the  average  calorific  value 
of  refuse  was  about  3000  b.t.u.  did  not  justify  Mr  Todd  in  using 
this  arbitrary  figure  when  constructing  his  Table  A.     On  the  face 
of  it,  it  was  absurd  to  employ  this  figure  in  conjunction  ^th  the 
elaborately  tested  and  determined  calorific  values  of  another  fuel. 
With  the  exception  of  Worthing  the  refuse  burnt  in    the  tests 
quoted  by  him  was  distinctly  above  the  average.     He    would 
most  certainly  ask  all  engineers  to  accept  the  tests   which  he 
had  published,   and  he  did  not  object  to    Mr  Todd  parading 
these    tests    in    conjunction    with    tests    of    various  coal    fired 
boilers   in  Table  A,  as  the  results  in   these  Tables  confirmed 
what    would    be    expected    by   any    intelligent    engineer.       He 
would  point  out  that  Mr  Todd  had  employed  the  word  ** efficiency" 
in    the  text,   whereas  he  ought  to  have  employed    the    word 
' *  evaporation .  * '   Mr  Todd  had  either  not  benefited  by  his  experience, 
or  he  wished  to  convey  an  erroneous  idea,   and  as  the   first 
premises  were  not  admissible,   one  was  forced  to  the  second. 
If  more  than  twice  the  quantity  of  heat  were  passed  through  the 
boiler  one  would  expect  the  gases  to  have  a  higher  terminal  tem- 
perature and,  therefore,  a  higher  evaporation  per  square  foot  of 
heating  surface,  and  that  was  exactly  what  had  occurred.     Again, 
referring  to  Table  A  instead  of,  in  the  case  of  Levenshulme,  the 
quantity  of  heat  passed  through  the  boiler  being  79  per  cent,  more 
than  in  the  case  of  the  boiler  with  which  it  was  compared,  the 
quantity  of  heat  passed  through  was  probably  nearer  200  per  cent, 
more.     In  the  case  of  King's  Norton  the  heat  passed  through  the 
boiler  instead  of  being  only  23  per  cent,  more  than  the  boiler  with 
which  it  was  compared  was  probably  nearer  100  per  cent  more, 
and  in  the  last  case  mentioned  the  quantity  of  heat  instead  of 
being  only  6  per  cent,  more  was  probably  nearer  40  percent,  more. 
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Ue  therefore  invited  those  who  could  appreciate  the  difference 
t>etrvveen  boilers  direct  and  separately  fired,  to  accept  those  figures 
«ven    if  they  admitted  the   special  disabilities  which  attended 
destructors,  and  more  especially  if  they  took  into  consideration  the 
actual  condition  existing  in  the  combastion  space  of  the  boiler. 
To   ^hat  lengths  Mr  Todd  was  prepared  to  go  to  discredit  his 
iignres  became  apparent  when  he  constructed  his  Tables  B  and  G, 
•esx)ecially  when  the  fact  was  taken  into  consideration  that  Mr  Todd's 
firm  had  supplied  the  engines  in  connection  with  this  station,  and 
Mr  Todd  had  availed  himself  of  the  opportunity  to  make  himself 
familiar  with  the  working  of  the  destructor,  and,  therefore,  was 
quite  aware  that  during  the  three  months'  working  referred  to,  a 
bye-pass,  permitting  unobstructed  flow  of  the  heat  generated  in  the 
furnaces  direct  to  the  chimney,  was  kept  open  or  closed  in  accor- 
-dance  with  the  demand  for  steam  from  the   engine  room.    It 
was  needless  to  say  that  he  never  had  and  did  not   make  any 
claim  for  the  figures  of  evaporation  shown  in   Table  B.     Any 
further  reference  on  his  part  after  what  he  had   said  was   un- 
necessary and  he  thought  it  was  apparent  to  any  engineer  con- 
versant with  the  working  of  electric   lighting   stations — ^in   con- 
junction with  destructors — that  Tables  B   and  C  were  grossly 
misleading.      He  still  upheld  that  under  certain  conditions  150 
units  per  ton  of  refuse  could  be  obtained.     He  did  not  deny  that 
43  lbs.  of  steam  and  water  were  required  per  unit  generated  at 
average  loads,  but  he  would  point  out  that  he  had  strongly  recom- 
mended the  engineer  at  this  station  to  adhere  to  the  original 
scheme  which  he  had  submitted,  which  contained  a  superheater. 
In  closing  his  remarks  Mr  Todd  waxed  facetious  over  the  employ- 
ment of  the  word  recuperator.     Had  he  read  that  portion  of  the 
paper  commencing  with  the  last  paragraph  on  page  337,  he  would 
have  seen  that  it  was  unnecessary  for  him  to  draw  Members* 
Attention  to  the  terms  of  air  heater  or  recuperator.     He  had  em- 
ployed the  word  to  distinguish  the  air  heater  which  he  used  from 
another  device  for  heating  the  air  which  was  not  recuperative. 
It  was  a  pity  that  Mr  Warner  had  not  availed  himself  of  the 


400  REFUSE   DESTRUCTORS 

XrLMMk. 

opportunity  afforded  to  bring  out  the  special  features  and  good 
qualities  of  his  type  and  so  prove  his  case.     His  remarks  on  the 
continuous  grate  were  interesting  when  read  in  conjunction  ^th 
Mr  Wilkie's  claims  for  the  originality  of  Messrs  Meldrum's  patent. 
He  regretted  that  the  word  "  off-shoot "  had  given  offence  to  Mr 
Warner,  because  such  a  proceeding  was  far  from  his  intentions. 
He  thanked  the  Members  of  the  Institution  for  the  manner  in 
which  his  paper  had  been  received,  but  he  could  not  help  expres- 
sing his  regret  that  very  little  interesting  information  had  been 
brought  out  in  the  discussion  and  correspondence. 

On  the  motion  of  the  Chairman,  a  vote  of  thanks  was  awarded 
to  Mr  Leask  for  his  paper. 


ON    EQUIMOMENTAL  SYSTEMS   AND  THEIB  USE   IN 
APPLIED   MECHANICS. 
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Bead  Ut  May,  1906, 


Ik  mechftnics,  the  moment  of  mertia  of  a  particle  with  respect  to 
an  axis,  or  about  an  axis,  is  the  quantity  mr^,  where  m  denotes 
tbe  mass  of  the  particle,  and  r  its  distance  from  the  axis. 

Any  body,  or  set  of  bodies,  in  a  given  configuration,  may  be 
viewed  as  a  collection  of  particles,  mi,  7?t„  m, .  .  .  and  its  moment 
of  inertia,  with  respect  to  an  axis,  is  the  sum  of  tbe  moments  of 
inertia  of  all  the  particles,  viz.:  miTi*  +  rn^r^  +  wIbV  +  .  .  .  , 
which,  with  the  usual  signification  of  the  symbol  2,  may  be 
denoted  by  2mr*. 

This  moment  of  inertia  is  of  importance  in  the  dynamics  of 
rotating  bodies. 

But  the  term,  ''  moment  of  inertia,"  is  also  applied,  by  analogy, 
to  quantities  derived  from  geometrical  figures  (which,  of  course, 
have  no  inertia).  Thus,  if  the  volume  of  a  geometrical  solid  be 
supposed  divided  up  into  infinitesimal  elementary  volumes,  Vi,  v^ 
...  its  moment  of  inertia,  with  reference  to  an  axis,  is  the  value 
of  Svr*,  and  is  the  same  as  that  of  a  mass  of  unit  density  occupy- 
ing the  same  space  as  the  solid  in  question.  Similarly,  the  moment 
of  inertia  of  a  geometrical  area,  whose  elements  are  o^,  0.^0^,  .  . , 
will  be  2ar\  and  that  of  a  line  consisting  of  elementary  lengths 
/„  Ja  .  .  .  will  be  2lr\ 

As  such  quantities  have  no  real  connection  with  inertia,  it  is 
perhaps  better  to  use  the  term,  ''  second  moment  with  reference 
to  an  axis,"  instead  of  the  term,  ''  moment  of  inertia,"  and  the 
former  term  may  be  used  with  reference  to  actual  masses  also. 

26 


402  ON    EQUIMOMENTAL    SYSTEMS   AND 

Thus,  the  second  moment  with  respect  to  an  axis,  of  anything 
considered  as  made  up  of  elements  ei,  6,,  ^  .  .  .  of  iztfinit^mal 
size,  is  the  quantity  denoted  by  2er*,  where  e^,  e^,  e^  .  .  .  may  be 
elements  of  length,  of  area,  of  volume,  of  mass,  or,  in  £aot^  of  any 
definite  quantities  associated  with  points  in  space. 

This  is  distinguished  from  the  first  moment  with  respect  to  the 
same  axis,  viz.,  2er,  by  the  fact  that  each  distance  is  squared  in 
the  second  moment,  but  not  in  the  first  moment. 

Two  things  are  said  to  be  equimomental  when,  with  respect  to 
all  possible  axes,  the  first  and  second  moments  of  the  one  are 
respectively  equal  to  the  first  and  second  moments  of  the  other. 
(It  can  easily  be  shown  that  if  two  bodies  have  the  same  mass, 
the  same  centre  of  inertia,  and  also  the  same  second  momoits 
about  the  three  principal  axes  at  the  centroid,  then  they  are 
mutually  equimomental ;  also  that  if  two  bodies  have  the  same 
second  moments  about  a  certain  number  of  axes,  then  they  must 
have  their  centroids  coincident,  and  be  equimomental). 

In  the  calculation  of  first  and  second  moments,  and  of  the  poed- 
tion  of  centroids,  it  often  simplifies  matters  considerably  if  one  can 
replace  a  body  (or  area)  by  a  simpler  body  (or  area),  which  is 
equimomental  with  it 

It  is  the  object  of  this  paper  to  give  some  simple  systems  of 
points  which  are  equimomental  with  the  most  commonly  occur- 
ring types  of  bodies  and  areas ;  and  to  point  out  some  advantages 
of  their  use  in  practical  calculations.    Proofs  are  omitted. 

In  applied  mechanics,  the  moments  of  areas  are  more  often 
required  than  those  of  bodies,  but  I  will  begin  with  the  latter: — 

I.  Uniform  solid  cuboid  (rectangular  parallelpiped)  of  massif  :- 

The  equimomental  system  consists  of  a  particle  of 

mass  }  M  at  the  mid  point,  and  the  rest  of  the 

mass  equally  distributed  over  the  comers,  as  in 

Fig.  I. 

II.  Uniform  solid  cylinder  (right  circular): — 

-^  at  either  end  of  the  axis  of  figure,  and  —    at  its 
o  6 
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mid  point,  and  the  remaining  half  bt  the  mass 
at  the  four  extremities  of  two  mutually  perpen- 
dicular diameters  of  the  mid  ciroular  section, 
as  in  Fig.  2. 


Fig.  1. 


6 


M 
8 

Fig.  2. 

III.  Uniform  solid  sphere: — 

-r^  at  each  extremity  of  any  three  mutually  perpendi- 
cular diameters,  and  the  rest  of  the  mass  |— -  jat 

the  centre. 

IV.  Uniform  solid  tetrahedron : — 

(i.)  —  at  each  comer,  and  the  rest  of  the  mass(  — -  J 

at  the  centroid. 

M 
(ii.)  --=  at  the  mid  point  of  each  edge,  and  the  rest 

\~Ki  ^^  *^®  centroid. 
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v.  Bight  oylindrical  pipe : — 

(i.)  Three  inner  rings  of  mass^  each  al  the  ends 

6 

and  middle  of  the  bore,  and  one  ring  of  mass 
-^  round  the  middle  of  the  outer  cylindric 

surface  as  shown  in  Fig.  3.  Here  each  ring 
can  be  conveniently  replaced  by  fonr  equal 
particles  at  the  extremities  of  two  mutually 
perpendicular  diameters. 


Fig.  3. 

(ii.)  Three  particles  of  mass  ^  at  the  mid  point 

and  ends  of  the  axis  of  figure,  and  a  ring  of 

mass  ^  and  radius  Ja^  +  b^^  concentric  with 

the  middle  circular  section,  a  and  b  being  the 
inner  and  outer  radii  of  the  pipe. 

VI.  Eight  circular  solid  cone : — 

(i)  jQ  at  the  mid  point  of  the  axis,  ^  at  the 

centre  of  gravity  of  the  solid,  and  —  in  a 

uniform  ring  round  the  circumference  of  tho 
base.  The  ring  may  be  replaced,  as  in  V. 
(i.),  by  four  equal  particles. 

(ii.)  Six  particles,  five  positive  and  one  negative,  as 
shown  in  i'ig.  4. 
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Fig.  4. 

^.B. — It  can  easily  be  proved  that  if  two  systems  be  equi- 
momental,  they  will  remain  so  if  they  both  undergo  the  same 
liomogeneous  strain.     Hence  the  cases  I.,  II.,  III.,  V.,  VI.,  can 
a.t   once  be  generalized  to  include  the  oblique  parallelepiped,  the 
oblique  elliptic  cylinder,  the  ellipsoid,  the  oblique  pipe,  whose 
oross-section  is  bounded  by  two  similar  and  similarly  placed  con- 
centric ellipses,  and  the  oblique  elliptic  cone;   only  "conjugate 
d.iameters"  must  be  substituted   for   ''mutually    perpendicular 
-diameters." 

YII.  Uniform  triangular  lamina  or  are* : — 

M 
(i.)  -^  at  the  mid  point  of  each  side, 
o 

M  3M 

(ii.)  —  at  each  corner,  and  -^  at  the  centi'oid. 

VIII.  Uniform  quadrilateral  lamina  or  area : — 


M 
12 


M 
at  each  corner,  -  -   at  the  intersection  of  diagonals, 


and 


3M 


the  centroid. 


IX.  Uniform  rectangular  lamina  or  area : — 

M  2M 

— ^  at  each  comer,  and  -^  at  the  centroid. 

X.   Dniform  circular  lamina  or  area : — 

M  M 

-—  at  the  centre,  and  —  at  each  extremity  of  two  mutu- 

ally  perpendicular  diameters. 

Note. — This  can  be  extended  to  include  the  uniform  elliptic 
lamina,  if  "conjugate"  instead  of  "mutually  perpen- 
dicular" diameters  be  taken. 
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XI.  Unifonn  eiroolar  annolas  of  internal  radius  a  and  external 

radius  b : — 

M 

-^at  each  of  the  points  where  the  circular  boundanes 

are  cut  by  two  mutually  perpendicular  diameters,  as 
shown  in  Fig.  6.     See  note  to  X. 


Kg.  6. 

XII.  Uniform  straight  rod  or  line : — 

2M  M 

..— —  at  the  centroid,  and  -^  at  each  extremity  as  in 
3  o 


Pig.  6. 


^^ 


-i 


2M 
3 

Fig.  6. 

XIII.  Uniform  semi-circular  lamina  or  area : — 

M 
(i.)  ^  at  each  of  the  two  comers,  with — 

8 


-(f-^>-(i^->"(*-A) 

respectively  at  the  central  extremity,  the 
middle  point,  and  the  circumferential  ex- 
tremity  of  the  mid  radius,  as  in  Fig.  7. 
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M 

®  I|U-w)h-  023211    ® 

Fig.  7. 

(ii.)  (Approximately).     Seven  particles  as  shown  in 
Fig.  8. 


Fig.  8. 

(iii.)  (Closer  approximation).  Seven  particles  as  shown 
in  Fig.  9. 


•Fig.  9. 
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Note,-The  system  (iL)  gives  the  first  and  second  mom^lB 
exactly  for  all  axes  perpendicular  to  the  straight 
boundary  as  well  as  for  an  axis  coincident  with 
that  boundary,  the  maximum  error  (about  1  per 
cent.)  being  for  an  axis,  parallel  to  this,  passing 
through  the  middle  point  of  the  mid  radins. 

The  system  (iii.)  has  a  much  smaller  maximum 
error,  but  the  numbers  are  not  so  simple. 

XIV.  Parabolic  segment: — 

M  at  each  comer,  ^  at  the  vertex,  '^  "^  *i>^ 

P4.\r 


2M       ..  .  -    2M 

iQ""'" -35 

middle  of  the  chord,  *«''  7s^  ^^  ^^^  mid  poin 
,i»J^g-  10. 


of  tie  »*'* 


Kg.  10. 
H  is  to  be  remarked,  with  refnrAn..a  +«  tu      i. 

diminishes  indefinitely,  it  reduces  to  TV  \.u-,     *°®^°°'^'^  '°  I- 
the  hole  in  the  annulus  of  XI  teL  :,'         '  *^'  diminution  of 

Tf  ™-ii  K  .  *°  ^®''°'  re<iaoe8  it  to  X. 

It  will  be  seen,  in  fact,  that  I.  includes  X.  and  XII. 

irTxT'  "        ■^^•'  ^•'  ^^^  a°d  XII. 

VIII.        „     IX.  and  XII. 
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This  iaot  reduces  oonsiderably  the  effort  of  memory  required  to 
remember  these  equimomental  systems. 

But  I  do  not,  by  any  means^  suggest  that  any  one  should 
burden  his  memory  with  the  results  here  given.  I  think  they 
'would  be  useful  in  a  calculator's  pocket-book.  On  the  other 
hand,  if  one  were  to  memorize  I.,  11.,  and  III.^  this  would  give 
everything  included  in  the  well-known  "Eouth's  Bule/'  and  a 
great  deal  more  as  well,  for  "Bouth's  Bule'*  only  applies  to 
principal  axes  through  the  centroids,  while  the  equimomental 
systems  enable  one  easily  to  calculate  the  first  and  second  moments 
About  any  axis. 

It  is  interesting  to  remark  in  this  connection  that  Dr.  South 
himself  seems  to  have  been  the  first  to  consider  the  subject  of 
-equimomental  systems  of  particles  (see  his  "  Dynamics  of  Eigid 
Bodies,'*  Chapter  I.),  and  a  considerable  proportion  of  the  systems 
^iven  above  were  discovered  by  him.  I  haVe  tried  to  glean  after 
his  harvesting,  and  some  of  the  systems  given  above  are,  I  b^eve, 
new.*  But  my  chief  aim  in  this  paper  is  not  so  much  to  give  new 
results,  as  to  call  attention  to  the  great  practical  value  of  these 
systems  in  facilitating  numerical  calculations  of  moments,  etc. 
To  attain  this  object,  I  add  two  or  three  examples  of  such  appli- 
cations to  problems  of  common  types: — 

Example  i. — Find  the  depth  of  the  centre  of  pressure  on  ^ 
trapezoidal  area  of  dimensions  given  in  Fig.  11,  the  upper  edge 
being  horizontal  and  three  feet  below  the  water  level. 


*  Since  the  above  paper  was  put  in  type,  I  have  found  that  some  of  the 
systems  given  here  had  been  previously  published  by  Rehfeld  in  the  Archiv 
fur  Maihematik  for  1902,  page  237. 
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As  is  known,  the  depth,  D,  of  the  centre  of  pressnre  is  gq^  hy 
dividing  the  second  moment  of  the  area  about  a  line  in  vrliieb 
its  plane  cnts  the  water  surface,  by  the  first  moment  abon^  tbe 
same  axis. 

Now,  dividing  the  area  into  two  triangles  of  areas  6  uxd  2^ 
as  shown  in  Fig.  12,  the  equimomental  point-system  indicated  irt 
that  figure  is  easily  obtained. 


Fig.  12, 
Noting  that  there  are  but  three  different  depths  for  these  points, 
then: 

2x3«  +  ~x4«  +  tx5« 


D 


2x3+ ~x4+f  x6 

o 

.6x9  +  16x16  +  2x25  _^  360  ^  90  ^  »  21 
6x3  +  16x4  +  2x6         92       23         23* 


Or  in  tabular  form: — 


AlMk 

Depth. 

Flat  Moment. 

2 

3 

6=6 

18  =  18      1 

5i 

4 

¥-^u 

f  =  85*    \ 

i      » 

5 

f=» 

50  ifi,  : 
^   =16i     ; 

Totals,  -     - 
Multiplied  by 

•    -    30f 
3.  -     92 

-  -    120    i 

-  -    860    1 
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D  = 


?^  =  ?9  =  3-92'  =  3'  ir. 
92       23    •  • 


21 
Thus,  tiie  centre  of  pressure  is  _  feet  below  the  upper  edge. 


Ijxavyple  2, — A  rectanglular  sluice-gate,  six  feet  wide  and  ten 
feet  deep,  is  hinged  at  its  lower  edge,  and  the  water  stands  to  a 
height  of  eight  feet  on  one  side  and  four  feet  on  the  other.  Find 
the  horizontal  force  appUed  at  the  mid  point  of  its  upper  edge, 
which  will  equilibrate  the  water  pressure. 
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...,6'-    - 
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♦•4 

+ 

f^ 

! 

1 

4' 

1 

•2 

1 
1 

+  32 

-> 

? 
1 

-16 

• 

'* 

0 

♦  4 

-2 

B 

♦  4 

-2 

^0 

Fig.  13. 


The  equivalent  point-areas  are  indicated  in  Fig.  13 ;  those  on 
one  side  being  marked  + ,  and  on  the  other  - ,  to  indicate  that 
the  pressures  on  these  are  in  opposite  directions.  Here,  it  is  to 
be  noted  that  the  only  point-areas  that  give  any  moment  about 
the  hinge  00  are  those,  at  the  mid  points  of  the  two  areas.  Hence, 
if  7  be  the  force  acting  at  A,  then,  taking  moments  about  00: — 
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P  X  10  =  (32  X  4  X  4  -16  X  2  X  2)  X  62-5  =  1000  (32  -  4) 
=  28,000. 
/.  F  =  2800  lbs. 

If  the  hinge^were  at  the  upper  edge  and  the  force  F  acted  at  B, 
then,  by  moments  about  the  upper  edge : 

10  P  =  (32  X  4  X  6  +  8  X  8  X  10  -  16  X  2  X  8  -  4  x  4  x 
10)  X  62-5  .   ' 

=  1000  (48  X  40  -  16  -  10)  =  62,000. 
.-.  F  =  6200  lbs.  ' 

Eocample  S. — Find  the  neutral  axis  and  the  moment  of  inertia 
about  that  axis  of  the  cross-section  of  a  girder  of  dimensions 
shown  in  Fig.  14. 


K 6 >« 


10" 


i» 


K::--:S|;::: 


:8'- 


3: 


f 


L 


Fig.  14. 


In  this,  as  in  many  cases,  a  simplified  point-system  can  be  taken 
moving  every  particle  into  LL,  the  line  of  symmetry,  as  Bbo\rn  in 
Fig.  14,  since  one  is  only  concerned  with  moments  about  axes 
perpendicular  to  the  mid-line  of  the  figure. 

In  the  accompanying  tabular  calculation,  the  moments  are  taken 
with  reference  to  the  bottom  line  of  the  section  as  axis :— 
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•         AlMb 

ntatuiwtram 
BottoatLin*. 

PlntMomaot. 

Mdment. 

1 

4 

8 
3 

20 

T 

13 
T 

32 
3 

8 
3 

13 

25 
2 

12 

7 
2 

1 
0 

13  =  18 
50  =  50 

32  =  32 
^  =  46, 

¥  =  '^ 

0=0 

169 

625 
384 

326f 

17* 

lOf 

0 

32 

— 

161 

15321 

Thus,  if  2  be  the  distance  from  the  lower  boundary  to  the  neutral 
161       K  , 

Again,  by  a  well  known  theorem  as  to  parallel  axes,  the  second 
moment  about  the  neutral  axis  =  A^  -  Ax* 

=  1532*  -  32  X.  (V,)2  =  722|i 
=  722-6  (inch)^  units. 


Example  4.  —Find  k,  the  radius  of  gyration  of  a  uniform  solid, 
consisting  of  two  cylinders  having  their  axis  in  line,  as  shown  in 
Fig.  15,  about  a  diameter  of  the  smaller  circular  face. 


414 


ON   EQUIMOMENTAL    SYSTEMS   AWD 
ELEVATION 


AXIS 


AXIS 


Fig,  15. 

The  two  cylindrical  volumes  are  in  the  ratio — 
162  X  12 :  8  X  308 
i.e.  32  :  76. 
Hence,  for  our  purpose,  the  equimomental  system  may  be  taken 
3A  in  Fig.  15a,    Thus,  we  have — 
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Fig.  15a. 
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(82  +  76)  k'  =  6«(y  +  S)  +  (6«  +  8»)8 


415 


+  (16«  +  152)!^  +  20*  X  ^• 
4  b 


107  ft«  =  25,866} 
A;2  ==  241-75 
k   =  15-55  inches. 


=?^ 


4 
Fig.  16a. 

Example  5, — Find  k  the  radius  of  gyration  of  a  uniform  solid 
cylinder,  of  length  twelve  inches,  and  diameter  sixteen  inches, 
about  an  axis,  which  is  a  tangent  to  the  circumference  of  one  cir- 
cular end.     The  required  result  here  is  independent  of  the  mass, 
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henoe  any  oonvenient  number,  say  twenty-four,  may  be  ehoeen  as 
its  measure. 

Again,  the  axis  perpendicular  to  the  plane  of  the  diagram  and 
passing  through  the  point  0,  may  be  taken,  and  the  simplified 
equimomental  point-system  indicated  in  Fig.  16a  may  be  used. 

Here,         24A;»  =  (3  +  10  +3)  x  6»  +  4  x  12>  +  (4  +  10  +  4> 
X  8«  +  3  X  16" 

==  16  X  36  +  4  X  144  +  18  X  64  +  3  X  256 
/.  *»  =  24  -h  24  +  48  +  32 

=  128 
/.  ifc  =  8  ^2  =  11-314  inches. 

These  examples  will  perhaps  suffice  to  indicate  how  ealcnla- 
tions  may  be  simplified  by  the  use  of  suitably  chosen  equimo- 
mental  systems. 

If  one  had  calculations  to  make  of  second  moments,  whether  of 
masses  or  of  areas,  where  moderate  accuracy,  say  to  within  1  per 
cent.,  would  be  sufficient,  I  have  little  doubt  that  with  practice 
one  could  assign  with  certainty  approximately  equimomental 
point- sytems  for  tsomplicated  and  irregular  bodies  and  areas, 
that  would  be  sufficiently  exact'  for  the  purpose.  Moments  of 
irregular  areas  can,  of  course,  be  got  by  the  aid  of  integraphs  and 
other  mechanical  integrators,  but  such  aids  are  not  always  at 
hand  when  wanted. 

If  anything  I  have  put  before  the  Institution  in  this  paper  helps 
that  humble  but  useful  member  of  the  engineering  profession,  the 
calculator,  to  economise  his  time  and  labour,  my  object  will  have 
been  attained. 

Discussion, 

Mr  H.  Bamford,  M.Sc.  (Member),  said  that  the  principle  of  equi- 
momental systems  as  enunciated  by  Dr.  Eouth  had  been  known  to 
him  for  many  years  past,  and  he  had  frequently  made  use  of  it 
in  calculations.  Hitherto,  however,  the  value  of  the  principle  had 
generally  been  regarded  by  engineers  as  academical  rather  than 


THEIR    USE   IN   APPLIED    MECHANICS  417 

ICr  H.  Bunf  otd,  M.80. 

practical,  and  had,  consequently,  received  in  the  past  but  little 

&trtention  from  them.     In  developing  the  principle  and  reducing  his 

"Vesults  to  a  form  eminently  suitable  for  practical  application  in 

o&lculations,  he  considered  the  Author  to  have  done  a  valuable 

piece  of  work  and  to  be  deserving  of  their  special  thanks.     In  the 

^reat  majority  of  cases,  however,  with  which  engineers  had  to 

deal,  he  did  not  think  the  Author's  methods  were  at  all  likely  to 

supersede  the  methods  already  in  use,  but  would  be  of  value 

cliiefly  in  dealing  with  those  special  cases  of  bodies  having  no 

perpendicular  axes  of  symmetry,  or  where  the  axis  of  inertia  was 

not  parallel  to  an  axis  of  symmetry.      For  bodies  which  were 

rectangular,  elliptical  or  ellipsoidal  in  form,  he  was  still  of  the 

opinion  that  Eouth's  rule  was  the  best,  viz : — 


Moment  of  inertia  about  an  axis  of  symmetry 

,  volume,  \      (sum  of  squares  of  perpend 
\       or  area,       )  3, 4,  or  5. 


_  J  mass,  volume,  }      (sum  of  squares  of  perpendicular  semi-axes) 


the  denominator  being  3,  4,  or  5,  according  as  the  body  was  rect- 
angular, elliptical,  or  ellipsoidal.  He  would  like  now  to  draw  at- 
tention to  one  or  two  points  in  the  paper.  In  the  first  part  the 
Author  stated  '*  It  can  be  easily  shown  that  if  two  bodies  have  the 
same  centre  of  inertia,  and  also  the  same  second  moments  about 
the  three  principal  axes  at  the  centroid,  then  they  are  mutually  equi- 
momental."  That  statement  as  it  stood  was  not  universally  true ; 
in  order  to  be  so  it  was  also  necessary  for  the  bodies  to  be  of  the 
same  mass.  For  a  uniform  triangular  lamina  or  area — Case  YIL 
— the  Author  gave  two  distinct  equimomental  point  systems,  viz  : 
(i)  and  (ii);  of  these,  the  first,  (i),  was  given  by  Eouth  and  was 
simple  in  the  extreme  ;  but  the  other,  (ii),  while  having  no  advan- 
tage whatever  over  (i)  was  more  complicated,  and  therefore 
superfluous.  Again,  as  any  uniform  quadrilateral  figure  A  B  C  D 
might  be  regarded  as  consisting  of  two  triangles,  ABD  and  BCD, 
let  M^  be  the  mass,  or  area  of  A  B  D  and  M^  that  of  BCD, 

27 
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and  apply  to  each  of  these  rule  (i)  of  Case  VII.  An  eqnimomental 
point-systeni  was  thus  obtained  for  the  quadrilateral  consisting  of 
a  particle  =  ^  M^  at  each  of  the  mid  points  of  AB  and  AD,  a 
particle  =  ^  M^  at  each  of  the  mid  points  of  B  C  and  C  D,  and  a 
particle  =  J  (Mi  +  M,)  at  the  mid  point  of  the  diagonal  B  D. 
If  the  quadrilateral  were  in  the  form  of  a  square,  a  rectangle,  or 
a  parallelogram  of  mass  or  area  M,  the  equimomental  point-83'stem 
would  then  reduce  to  a  system  of  particles  each  equal  to  ^  M  at 
the  mid  points  of  the  four  sides  and  a  particle  =  ^  M  at  the  centre. 
The  above  treatment  of  the  general  case  of  a  quadrilateral  figure, 
which  could  easily  be  extended  to  any  rectilinear  figure  by  dividing 
it  up  into  triangles,  appeared  to  bim  to  have  something  to  recom- 
mend it,  as  the  resulting  equimomental  point  -  system  did  not 
involve  the  determination  of  either  the  centroid  or  the  intersec- 
tion of  the  diagonals,  and  was  simpler  than  the  one  given  by  the 
Author— Case  VII. 

Mr  W.  J.  GouDiE,  B.Sc.  (Member),  remarked  that  he  had  had 
an  opportunity  of  reading  an  advance  proof  of  Dr.  Muirhead's 
paper,  and  he  thought  it  was  a  most  interesting  and  important 
contribution  to  this  particular  section  of  mechanics.  Like  Mr 
Bamford,  however,  he  was  somewhat  doubtful  as  to  whether 
this  method  of  substitution  would  obtain  any  preference  over  the 
common  methods  usually  employed  for  the  ordinary  run  of 
engineering  calculations.  As  a  rule,  momental  calculations  were 
associated  with  section-areas,  and  the  necessary  moment  of 
inertia,  or  the  radius  of  gyration,  could  be  usually  got  from  a 
table.  He  thought  if  Dr.  Muirhead  had  given  a  few  more  ex- 
amples, and  worked  these  out  by  his  method,  and  the  most 
suitable  alternative  methods,  that  a  clearer  idea  of  the  relative 
values  of  the  equimomental  system  over  other  possible  ones 
could  have  been  obtained.  He  (Mr  Goudie)  found  that  three 
of  the  examples  given,  when  contrasted  with  suitable  alternative 
methods  that  would  naturally  be  employed,  did  not  reveal  any 
particular  advantage  in  favour  of  the  method  of  substitution. 
He  would  prefer  to  solve  Example  1  in  the  following  manner:— 
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Diyiding  Fig.  11  into  two  triangles  and  a  rectangle,  then 
Ist  moment  of  the  two  triangles  about  WL  =  2  (2  x  3*66) 
1st         „         „       rectangle  „         ,,=4x4 

12nd       „        „      two  triangles      „        „   =  ?A|JL1V  4  x  (3-66)« 

2nd       „        „       rectangle  „         „   =  ^^  x  2  x  2^  -h  4  x  4* 

,j.        -89  +  53-58  +  1-33  +  64         119-8    .    go,. 
"^  =  3064 =   3TF64   =  ^'^  **" 

Comparing  this  solution  with  the  one  given  on  page  410,  there 
seemed  to  be  nothing  to  choose  between  the  two  methods,  as  far 
as  amount  of  calculation  was  concerned,  but  the  method  he  (Mr 
Goudie)  had  employed  possessed  this  advantage,  that  the  preli- 
minary disposition  of  area-elements  was  avoided.  In  Example  3, 
the  substitution  method  applied  was  obviously  not  the  most  ex- 
peditious one  that  could  be  adopted.  In  addition  to  a  preliminary 
distribution  of  six  area-elements,  there  were  six  distinct  tabulations 
and  sets  of  calculations,  as  compared  with  three  sets  by  the  ordinary 
method,  in  which  the  moments  of  the  upper  flange,  the  web,  and 
the  lower  flange  were  taken  without  any  preliminary  distribution 
at  all.  With  regard  to  Example  4,  it  seemed  to  him  that,  by  taking 
the  known  moment  of  inertia  of  each  cylinder  and  applying  the 
standard  theorem  already  used  in  Example  3,  the  solution  could 
be  carried  out  in  the  time  it  would  take  to  locate  the  twelve  mass- 
elements  on  the  skeleton  diagram,  Fig.  15a.  The  problem  was 
rather  an  unlikely  one  from  the  mechanical  engineer's  point  of 
view,  but  if  he  had  to  solve  it  he  would  do  so  as  follows: — 

Let  Ml  =  mass  of- the  large  cylinder. 

My  =      ,,        „      small        „ 

Zi  =  length  „      large 

k  =      II        ,t      small        „ 

T,,  ,.         M,        302  X  8        2-343      m. 

Mass  ratio  =  ^,*  =  j^. -^  =  — j —     Then 

Mg       16^  X  12  I 


I(axb) 


=  Ml  g  +  M,  (/,  +  ly  +  M,'|',    80  that 
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fc«  = 


3-343  M, 
2-343    jg  +  266|  + 


144 
3 


3-343 

=  248-7 


and  k  =  a/248-7  =  3 6*77  inches. 


He  had  given  the  preliminary  algebraic  expression,  so  that  in  the 
arithmetical  portion  the  figures  could  be  clearly  followed ;  but  in 
actual  work  this  would  be  dispensed  with,  and  the  value  of  /f*  would 
be  written  down  directly.  Comparing  the  arithmetical  portion 
with  the  solution  given  on  page  415,  it  would  be  seen  that  his 
method  entailed  much  less  figuring  and  liability  to  error,  since 
the  numerator  consisted  of  two  terms  as  against  six  in  the  solution 
on  that  page.  It  was,  perhaps,  not  quite  correct  to  reason  from  the 
particular  to  the  general,  but  from  the  standpoint  of  the  practical 
calculator  he  thought  that,  if  these  three  cases  could  be  taken  as 
indicative  of  the  comparative  merit  of  the  equimomental  and  the 
common  methods  used  in  every  day  work,  the  former  did  not 
appear  to  offer  much  advantage  as  far  as  the  saving  of  time  and 
labour  was  concerned,  and  it  would  probably  be  reserved  for 
special  classes  of  problems  where  there  was  a  difficulty  in  applying 
ordinary  rules,  as,  for  instance,  where  moments  had  to  be  taken 
about  axes  which  were  not  principal  axes  of  the  figure  or  axes 
parallel  to  these.  Apart  from  this  aspect  of  the  question, 
he  thought  Rules  VII.  to  XII.  would  be  handy  as  a  check  on 
the  memory  when  the  moment  of  inertia  of  the  triangle,  the 
rectangle,  the  circle,  and  the  annulus,  had  to  be  applied  in 
a  calculation.  For  example,  when  dealing  with  shafts  one 
was  apt  to  confuse  the  moment  of  inertia  about  an  axis  in  the 
plane  of  the  section,  with  the  polar  moment  of  inertia  or  second 
moment  about  an  axis  perpendicular  to  the  plane,  and  it  was  an 
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easy  matter  to  remember  from  Bale  X.  that  the  area-coefficient  for 
the  circular  section  was  one-eighth,  so  that 


I<pol»r)    —    4 


m 


which  showed  at  once  whether  the  value  for  the  denomina^tor  was 

32  or  64.     Other  applications  would  no  doubt  suggest  themselves. 

He  noticed  that  the  mass  and  area- coefficients  were  given  as  vulgar 

fractions  throughout.  In  Eule  XIII.,  it  would  be  better  to  simplify 

M 
the  bracketed  quantities  and  give  the  area  equivalents  as  -3, 

o 

-  •023M,  -egyM,  -OTSM.  He  thought  that  the  value  of  the  paper 
would  be  much  enhanced  if  Dr.  Muirhead  would  include  Eouth's 
rule,  and  indicate  the  general  method  of  arriving  at  the  results 
which  he  had  embodied  in  these  fourteen  cases,  showing  its  appli- 
cation, say,  to  the  cylinder,  Case  II.,  and  to  the  uniform  semi- 
circular lamina  or  area,  Case  XIII.,  for  which  three  alternative 
results  were  given. 

Professor  Andrew  Jamieson  (Member),  thought  that  if  Dr. 
Muirhead  gave  the  best  mathematical  proofs  of  how  the  masses 
were  subdivided  and  allocated  in  Cases  I.,  II.,  V.,  and  a  triangle, 
his  excellent  paper  would  form  a  still  more  valuable  contri- 
bution to  the  Transactions. 

Correspondence . 

Prof.  Geobge  a.  Gibson  stated  that  Dr.  Muirhead  had  given 
one  application  to  centres  of  pressure,  and  he  ventured  to  give 
another.  No  doubt,  so  far  as  the  daily  needs  of  the  engineer 
were  concerned,  the  shapes  of  the  areas  for  which  the  position  of 
the  centre  of  pressure  was  required  were  usually  simple,  but  there 
was  always  a  certain  interest  in  extending  a  rule  so  as  to  include 
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as  many  cases  as  possible  in  one  statement.  It  might  be  noted 
that  Case  VIII,,  in  the  paper,  included  not  only,  as  Dr.  Mairfaead 
stated,  IX.  and  XII.,  but  also  VII.  (ii.).  The  application  he  wished 
to  make  was  to  the  problem  of  finding  the  depth  of  the  centre  of 
pressure  of  a  quadrilateral  A  BCD,  wholly  immersed  in  a  liquid. 
Let  the  depths  of  the  vertices  be  a,  b,  c,  d,  respectively,  the  depth 
of  the  centroid  g,  and  the  depth  of  the  point  of  intersectdon  of 
the  diagonals  e ;  then  by  VIII.,  the  depth  of  the  centre  of  pres- 
sure was  (putting  M  equal  to  12  for  convenience) : — 

gg  -f  fe«  +  c^  +  <^'  --  g^  +  9^g 
a  +  b  -^  c-\-  d  -  e  -{-9g 

But  g  =  {a +  h  +  c  +  d  -  e)/S  =  (s  -  e)/3 

where, 

s  =  a-\-b  +  c-\-d. 

When  this  value  of  g  was  substituted,  the  expression  for  the  depth 

became 

gg  -f  5^  +  c^  +  ^^  -f  ^^  -  2es 
4  (s  -  e) 

a  result  which  was,  of  course,  well  known,  but  which  could  be 
readily  obtained  or  recalled  by  following  this  method  of  demon- 
stration. The  familiar  expressions  for  the  depth  of  the  centre  of 
pressure,  when  the  area  was  a  triangle,  a  rectangle  or  a  trapezium 
were  easily  obtained.  Thus,  if  the  quadrilateral  were  a  trapezium, 
with  the  side  AB  in  the  surface  of  the  liquid,  one  might  put 

a  =  0  =  b,  c  =  dj  s  =  2c, 

and  if  AB  =  w,  CD  =  n,  then 

mc 

e  = 

m  +  n 

With  these  values,  the  expression  for  the  depth  became 

m  +  3n      c 
w-f  2n  '  "2" 
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H   m  =  n,  the  trapezium  became  a  parallelogram,  and  the  depth 

Q 

^w^is   qC,      For  a  triangle,  with  its  base  in  the  snrfaoe,  one  might 
o 

pixt  n  =  o;  if  the  vertex  was  in  the  surface,  and  the  base  parallel 
to  the  surface,  m  might  be  put  =  o.  The  approximate  formuisa 
XJXI.  (ii.)  and  (iii.)  were  of  special  interest,  and  the  paper,  as  a 
^whole,  seemed  to  him  to  be  of  considerable  value  for  the  purposes 
tHe  Author  had  in  view. 

Dr.  MuiRHEAD,  in  reply,  said,  before  referring  to  details,  he 
vrished  to  thank  his  hearers  for  the  patience  with  which  they  had 
listened  to  his  remarks  on  a  somewhat  dry  topic,  and  to  express 
pleasure  at  finding  that  he  had  several  interested  critics  well 
acquainted  with  the  subject.  His  sense  of  the  value  of  these 
criticisms  would  be  best  attested  by  the  fact  that  he  had  made 
some  alterations  in  the  paper  as  printed  in  the  advanced  proofs 
and  as  read  at  the  meeting,  to  meet  these  criticisms.  To  Mr 
Bamford  he  owed  the  dectection  of  an  oversight  by  which  he  bad 
omitted  equality  of  mass  as  one  of  the  necessary  conditions  that 
two  things  should  be  equimomental.  To  Mr  Goudie  he  was 
indebted  for  the  suggestion  that  the  numbers  in  XIII.  (i.)  should 
be  given  in  decimals.  This  he  thought  was  a  decided  improve- 
ment. In  this  connection  he  was  glad  to  note  that  Mr  Goudie  did 
not  insist  upon  -125  being  substituted  for  ^,  though  he  had  known 
some  practical  calculators  who  insisted  on  putting  every  numeric 
into  decimals,  even  when  time  and  accuracy  were  both  manifestly 
being  sacrificed.  As  De  Morgan  pointed  out  at  a  time  when 
decimal  fractions  were  less  in  fashion  than  now,  there  were 
occasions  when  decimals  were  most  appropriate,  and  others  when 
vulgar  fractions  ought  to  be  used;  and  the  expert  calculator  would 
show  his  skill  in  choosing  the  best  means  to  the  end  he  had  in 
view.  The  common-sense  rule  would  seem  to  be  that  that  kind 
of  fraction  should  be  used  which  would  most  expeditiously  furnish 
the  result  of  the  required  degree  of  accuracy.  But  this  was  by 
the  way.  If  he  had  not  availed  himself  of  the  criticisms,  in 
altering  the  paper  further,  it  was  not  that  he  ignored  the  value  of 
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the  suggestions  made,  but  that  to  give  effect  to  them  would  carry 

him  beyond  his  proper  subject  as  indicated  by  the  title.     To  avoid 

misconception  he  would  say  that   he  did  not    by  any    means 

consider  that  all,  or  even  the  majority  of  moment  problems  ought 

to  be  attacked  by  the  method  of  equimomental  point-systems. 

That  was  one  of  several  methods  that  could  be  applied,  and  the 

calculator  who  had  mastered  it  would  have  one  more  weapon  at 

his  command,  and  one  which  at  times  could  be  used  with   great 

effect.    As  for  a  comparison  of  methods,  such  as  Mr  Goudie  aimed 

at  drawing  in  one  or  more  cases,  he  doubted  if  that  could  be  fairly 

accomplished   except   by  a   calculator,  expert  in   both   methods, 

working  out  the  same  problem  both  ways,  and  timing  himself.     A 

comparison  of  the  figures  put  down  in  an  example  for  explanation 

was   inconclusive,    since  they  would   be   different   from   what  a        ii^ 

practical   calculator  would  find  expedient.     It  might  be  pointed 

out,  however,  that  in  cases  when  first  as  well  as  second  moments 

were  required,  some  economy  was  effected  in  using  a  Table  as  i'-i 

Example  3,  by  the  fact  that  each  item  of  the  second  morneni  column 

was  derived  from  the  corresponding  first  moment  item  by  simply 

multiplying  it  by  the  distance.     Again  checking  was  facilitated  by 

comparing  the  total  area  and  of  first  moment  with  the  results  of 

more  direct  methods  for  these.     Some  of  his  friendly  critics  again 

had  suggested  that  proofs  might  be  given.     This,  however,  would 

be  quite  beyond  the  scope  of  the  paper,  and  was  unnecessary,  as 

the  methods  for  calculating  moments,  and  many  of  the  results, 

were  given  in  the  ordinary  textbooks  of  applied  mechanics.    It 

was  otherwise  with  regard  to  methods  of  discovering  a  simple,  or 

the  simplest  possible  equimomental  point-system  for  a  given  body 

or  figure ;  but  here  no  general  rule  could  be  given,  though  certain 

transformations  and  points  of  view  had  repeated  application  to 

such  problems.      But  the  very  absence  of   any  rule  made  the 

problem  an  attractive  one.     It  was  true  that  theory  showed  that 

in  all  cases  it  was  possible  to  assign  a  system  of  four*  equal 

point-masses  which  should  be  equimomental  to  any  given  body, 

*  Or  three  in  the  case  of  a  plane  figure  or  lamina. 
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=^nd  that  in  an  infiite  number  of  ways;  but  in  most  cases  these 

four  points  would  not  be  simply  related  to  the  salient  points  or 

lines  of  the  figure,  so  that  a  greater  number  of  point-masses,  and 

these  not  always  equal,  might  form  a  better  system  for  calculating 

purposes.     To  return  once  more  to  points  of  detail.      Professor 

<jib8on's  remark  that  VII.  (ii.)  was  included  under  VIII.  as  a 

special  case,  was  interesting  and,  when  pointed  out,  obvious,  and 

very  much  to  the  point.     The  formula  he  gave  for  the  depth  of 

centre  of  pressure  of  the  quadrilateral,  with  its  special  cases,  was 

also  very  neat  and  interesting,  though  its  neatness  was  more 

algebraic  than  geometrical.     Of  course  to  some  minds  a  formula 

was  preferable  to  a  diagram;  and  both  ought  to  be  provided  by 

mathematicians  for  the  use  of  calculators. 

On  the  motion  of  the  President,  Dr.  Muirhead  was  awarded  a 
vote  of  thanks  for  his  paper. 


436  SMOKING   CONCERT   AND   CONVERSAZIONE 


SMOKING  CONCERT. 


The  Members  of  the  iDstitution  and  their  friends  met  at  a- 
'*  smoker  "  in  the  Banqueting  Hall  of  the  Grosvenor  Bestanrant, 
Glasgow,  on  the  evening  of  Friday,  13th  October,  1905.  Mr 
James  Gilchrist,  President,  occupied  the  chair.  Previous  to  the 
concert,  a  reception  was  held  in  an  adjoining  room  set  apart  for 
the  purpose.  The  toast  of  "The  King"  was  followed  by  an 
excellent  programme,  well  rendered  by  local  artistes.  The  com- 
pany numbered  about  400. 


CONVERSAZIONE  AND  EXHIBITION. 


In  connection  with  the  Institution  a  conversazione  was  held  in 
St.  Andrew's  Halls,  Glasgow,  on  Friday  evening,  10th  November, 
1905.  About  1100,  ladies  and  gentlemen,  attended  the  function, 
many  of  the  leading  shipbuilders  and  engineers  on  the  Clyde 
and  elsewhere  being  present.  Members  and  their  friends  were 
received  by  Mr  James  Gilchrist,  President,  Miss  Gilchrist,  and 
the  Members  of  Council. 

In  the  earlier  part  of  the  evening  a  promenade  concert  took 
place  in  the  Grand  Hall ;  while  the  latter  part  of  the  evening  was 
devoted  to  dancing.  A  cinematograph  display  took  place  at  inter- 
vals during  the  concert  and  between  the  dances. 

Many  interesting  models  and  apparatus  were  exhibited  in  the 
Berkeley  Hall,  and  evoked  general  admiration. 
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Thb  **  James  Watt  "  Annivebsaky  Dinner,  under  the  auspices 
of  the  Institution,  was  held  on  Friday  evening,  19th  January, 
ld06,  in  the  Grosvenor  Restaurant,  Gordon  Street,  Glasgow. 
There  was  a  large  and  representative  gathering,  the  company 
numbering  upwards  of  400  gentleman.  Mr  James  Gilchrist, 
President  of  the  Institution,  was  in  the  chair,  and  the  croupiers 
were  Messrs.  E.  Hall-Brown,  Andrew  Laing,  and  A.  D.  Wedg- 
wood, Vice-Presidents  of  the  Institution.  At  the  Chairman's  table 
were — The  Hon.  The  Lord  Provost,  Mr  William  Bilsland ;  The 
Right  Hon.  Lord  Inverclyde ;  Sir  John  Ure  Primrose,  Bart., 
LiL-D. ;  Mr  Nathaniel  Dunlop ;  Dean  of  Guild  Robert  King ; 
Bailie  J.  Bruce  Murray;  Mr  James  Weir;  Deacon-Convener 
James  Kirkwood;  Admiral  W.  Wilson,  R.N,;  Mr  A.  Gracie;  Mr 
J.  M.  Munro,  President,  Glasgow  Section,  Institution  of  Electrical 
Engineers ;  Mr  James  Howden ;  Rev.  P.  Macadam  Muir ;  Capt. 
J.  G.  Heugh,  D.S.O.,  R.N. ;  Mr  L.  MacBrayne;  Prof.  A.  Barr, 
D.Sc. ;  Mr.  R.  T.  Moore,  D.Sc,  President  of  the  Mining  Institute  of 
Scotland ;  Mr  John  Ward ;  Mr  David  Colville ;  Mr  A.  Bilsland ; 
Mr  A.  W.  Sampson  ;  Mr  Thomas  Russell,  J.P.,  D.L. ;  Mr  W.  M. 
Alston ;  Mr  T.  R.  MacKenzie ;  Mr  Robert  Caird,  LL.D. ;  Mr  J. 
Peacock ;  Mr  John  Keppie,  President  of  the  Glasgow  Institute  of 
Architects;  Mr  Anderson  Rodger;  Mr  Henry  Mechan;  Mr 
Wilham  Brown ;  Mr  Joseph  Barrow ;  Colonel  William  Shanks, 
and  Mr  J.  R.  Richmond. 

Lettei-s  of  apology  for  absence  were  intimated  from  the  Marquis 
of  Ailsa,  the  Marquis  of  Linlithgow,  the  Marquis  of  Graham,  the 
Earl  of  Glasgow,  Lord  Armstrong,  Lord  Overtoun,  Sir  John 
Stirling-Maxwell,  Admiral  Sir  John  Fisher,  Sir  Philip  Watts,  F.R.S., 
Sir  Alexander  Binnie,  Mr  John  Sinclair,  M.P.,  Mr  C.  Scott  Dick- 
son, K.C.,  and  others. 
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The  loyal  toasts  having  been  honoured, 

Professor  D.  C.  M*Vail  proposed  "  The  Imperial  Forces."  In 
doing  so  he  drew  attention  to  the  fact  that  in  the  army  and  navy 
alone  the  staff  were  of  two  classes,  that  of  the  common  soldier  and 
common  sailor  who  might  become  sergeants  or  petty  officers  bnt 
could  not  become  commissioned  officers,  while  in  all  other  depart- 
ments  of  life— engineering,  shipbuilding,  law,  medical  life — every  lad 
who  entered  it  had  a  marshal's  baton  in  his  knapsack.  The  army 
could  never  hope  to  obtain  the  services  of  the  best  classes  of  the 
community  until  the  highest  positions  were  open  to  every  recruit. 
Recently  there  was  talk  of  training  soldiers  for  trades — joiners, 
shoemakers,  etc.  The  true  course  was  to  train  every  soldier  to  be 
a  soldier,  every  soldier  that  he  might  become  an  officer,  and  that 
every  barrack  should  be  a  military  college.  Then  the  best  of  the 
younger  men  of  the  country  would  look  on  the  army  with  the 
same  favour  with  which  they  looked  on  engineering,  commercial, 
or  professional  life. 

Admiral  Wilson,  R.N.,  in  replying,  said  that  on  the  Clyde 
eight  large  warships,  including  two  battleships,  four  first-class 
cruisers,  and  two  scouts,  had  been  completed  during  the  year. 
He  was  glad  to  say  that  those  eight  ships  had  been  immediately 
put  into  commission,  and  after  leaving  the  Clyde  they  went 
straight  to  sea,  instead  of  passing  a  period  in  one  or  other  of  the 
Eoyal  Dockyards  as  had  hitherto  been  the  case.  The  engineers 
and  shipbuilders  on  the  Clyde  should  be  congratulated  on  the 
results.  What  would  happen  in  the  future  he  could  not  tell, 
because  it  was  all  confidential.  Everyone  knew  what  was  hap- 
pening at  present,  but  nobody  could  mention  anything  beyond 
the  fact  that  there  were  four  vessels  building  in  four  different 
yards  on  the  river.  He  did  not,  however,  suppose  that  they  were 
likely  again  to  finish  eight  ships  in  one  year. 

The  toast  of  "  James  Watt "  having  been  honoured  in  silence, 
the  company  standing,  the  Secretary  stated  that  he  had  received 
the  following  message  from  the  engineers  assembled  in  Tokio  the 
same  day  to  honour  the  memory  of  Watt  in  a  similar  mannner:— 
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*'  From  the  Ear  East  we  greet  you  on  the  anniversary  of  the  birth- 
day of  James  Watt.  As  fellow-sharers  in  the  benefits  of  his 
genius  and  activity  we  rejoice  with  you.  May  the  bequests  which 
ive  have  together  received  from  him  continue  to  bind  us  closer  in 
cordiality  and  urge  us  to  mutual  assistance." 

To  this  message  the  following  reply  was  cabled : — 

"  We,  the  Engineers  and  Shipbuilders  in  Scotland,  send 
hearty  greetings  to  our  confreres  in  Tokio  on  the  anniversary 
of  the  birthday  of  James  Watt,  and  congratulate  our  profes- 
sional  brethren  in  the  Far  East  in  sharing  the  fruits  of 
Watt's  discoveries  and  inventions.     We  also  hope  that  suc- 
ceeding generations  of  the  peoples  of  the  island  homes  of 
Japan  and  Britain  may  enjoy  increasing  comforts  and  privi- 
leges as  the  *  future  miracles  of  mechanical  power/  of  which 
Watt  laid  the  foundation,  are  harnessed  for  their  behoof ;  and 
that  they  may  be  bound  by  ties  of  friendship  and  goodwill 
stronger  even  than  exist  between  the  two  nations  to-day." 
Lord  Inverclyde  proposed  **  The  City  of  Glasgow,"  remarking 
that  they  had  with  them  for  the  first  time  the  Lord  Provost  of  the 
city  and  the  chairman  of  the  Clyde  Trust  as  diiferent  officials. 
Beferring  to  the  speech  of  Admiral  Wilson,  Lord  Inverclyde  said 
he  had  come  to  the  conclusion  that  the  Admiral's  place  was  in  the 
House  of  Commons,  for  it  was  the  first  quality  of  a  statesman  to 
be  able  to  make  a  speech  and  tell  his  audience  nothing  at  all. 
The  Lord  Provost  briefly  replied. 

Mr  Nathaniel  Dunlop  proposed  "Engineering  and  Ship- 
building Industries."  One  engaged  as  he  had  been  for  more  than 
half  a  century  in  the  shipping  of  the  Clyde,  who  had  seen  its  rise 
and  progress,  should,  he  said,  know  something  of  what  the 
country  and  the  civilised  world  owed  to  James  Watt,  and  to 
James  Watt's  successors.  If  the  dwellers  on  Clydeside  were  still 
adherents  of  the  cult  of  the  ancients  they  would  have  built 
a  temple  to  James  Watt  and  worshipped  him  as  a  divinity.  They 
did  the  next  nearest  to  this  when  they,  his  kindred  by  profession, 
held  anniversary  festivals  to  his  immortal  memory.    One  often 
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wished  it  were  permitted  to  the  great  men  of  the  past  to  revisit 
the  scenes  of  their  early  struggles  and  triumphs  and  to  see  to  what 
they  had  led.     If  Livingstone  could  have  but  seen  the  Zambesi 
spanned  at  the  Victoria  Falls  by  a  bridge  forming  part  of  a  railway 
route  from  Cape  to  Cairo,  its  opening  ceremony  performed  by  the 
British   Association,  or  if  Watt  could  but  got  a  glimpse  of  the 
engineering  and  shipbuilding  industries  upon  the  Clyde  and  the 
fleets  that  churned  our  river  and  traversed  our  ocean  routes,  with 
what  amazement  they  would  be  filled,  with  what  gratitude  they 
would  be  stirred  that  they  should  have  been  instrumental  in  doing 
so  much  for  mankind  as  had  resulted  from  their  labours  and  their 
genius.     But  these  results  could  only  have  been  achieved  by  the 
help  of  their  successors,  and  he  claimed  for  Clyde  engineers  and 
shipbuilders  and  their  great  industries  the  foremost  place  not  in 
the  nation  only,  but  in  the  world.     It  might  be  that   they  had 
some  qualms  about  the  futiure — even  the  near  future — fearing  thai 
their  rivals  on  the  Continent  or  across  the  seas  might  overtake,  or 
even  pass  them  in  the  race;  but  at  present  they  held  the  lead,  and 
with  a  fair  field  and  no  favour  they  need  fear  no  rivals  in  the  days 
to  come.     Would  that  they  could  count  upon  a  fair  field  and  no 
favour.     One  was  almost  tempted  in  the  heated  political  atmos- 
phere of  the  day  to  ask  if  it  was  certain  that  the  men  who  were  to 
be   their  legislators  for  a  turn  quite   understood   the  needs  of 
the  situation,  and  were  taking  the  proper  line  to  preserve  the 
position  this  country  now  held.     In  the  earJier  steamers  of  his 
firm,  so  little  confidence  was  placed  in  steam  propulsion  that  they 
made  them  full-rigged  ships,  and  fitted  them  with  lifting  screws, 
so  that  when  the  engines  broke  down  the  propellers  could  be  taken 
out  of  the  water  and  sails  resorted  to.    He  wondered  what  modem 
engineers   would   think  of  such  a  suggestion  to-day.     Not  only 
could  they  make  reliable  machinery,  but  they  were  ready  to  devise 
and  provide  new  methods  of  propulsion  to  the  enterprising  ship- 
owner.     If  he  preferred  turbines,   they  would   make   for  him 
turbines.     They  would  even,  if  he  wished  it,  get  rid  of  steam 
altogether  and   find   him  a  new  motive  power.     There  was  no 
limit  to  their  ingenuity. 
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Dr  BoBEBT  Caird  replied,  referring  to  the  enterprise  of  the  two 
<3ompanies  represented  there  by  Mr  Dunlop  and  Lord  Inverclyde, 
in  applying  the  marine  steam  tarbine  to  the  prosulsion  of  Atlantic 
-steamships. 

Sir  John  Ure  Primrose,  Bart.,  in  proposing  **The  Institution  of 
JBug-ineers  and  Shipbuilders  in  Scotland,"  said  that,  great  and 
beautiful  as  the  old  days  were,  the  present  days  were  worth  a 
iihousand  of  them.  He  did  not  believe  for  a  moment  that  Britons 
would  be  laggards  in  the  race.  It  was  born  in  their  blood  to  be  a 
countable  factor  in  the  destinies  of  the  world. 

The  Chairman  repUed,  referring  specially  to  the  history  of  the 
Institution  and  to  the  coming  removal  to  more  commodious 
premises.  They  had,  he  said,  been  fortunate  in  securing  premises 
in  the  centre  of  the  city,  and  they  hoped  to  erect  there  a  building 
which  would  be  a  credit  to  the  Institution  and  an  ornament  to  the 
city.  The  sum  aimed  at  was  £25,000,  and  as  next  year  was  the 
Jubilee  of  the  Institution  it  would,  he  thought,  be  fitting  if  the 
celebration  were  held  in  the  new  premises,  and  particularly  so  if 
the  premises  were  opened  free  of  debt. 

During  the  evening  an  interesting  programme  of  vocal  and 
instrumental  music  was  submitted. 
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SMOKING  CONCERT. 


On  Friday  evening,  6th  April,  1906,  the  second  smoking  concert 
of  the  session  was  held  in  the  Banqueting  Hall  of  the  Grosyenor 
Bestaurant,  Glasgow.  The  programme  was  informal  throughout, 
and  Mr  Mechan,  who  occupied  the  chair,  called  on  the  artistes  at 
random. 

The  meeting  was  a  great  success  and  much  enjoyed  hy  all 
present.     The  company  numbered  380. 


MINUTES     OF     PEOOEEDINGS. 
FORTY  NINTH    SESSION. 


The  Fibst  General  Meeting  was  held  in  the  Hall  of  the 
Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  24th  October, 
1905,  at  8  p.m. 

Mr  James  Gilchrist,  President,  was  introduced  to  the  Meeting 
by  Mr  John  Ward,  Vice-President,  and  took  the  Chair. 

The  Minutes  of  the  Extraordinary  General  Meeting,  held  on 
23rd  May,  1905,  having  been  printed  in  the  billet  calling  the 
Meeting,  were  held  as  read,  and  signed  by  the  President. 

Annual  Report  op  the  Council. 

The  President  said  the  Council  had  pleasure  in  submitting 
the  Annual  Report,  and  called  upon  Mr  Thomas  Kennedy  to 
move  its  adoption. 

Mr  Thomas  Kennedy,  in  moving  the  adoption  of  the  Report, 
said  he  could  add  nothing  by  way  of  comment,  but  he  was  very 
glad  to  see  such  an  improvement  in  the  finances  of  the  year, 
and  he  hoped  it  would  continue. 

Mr  F.  J.  Rowan  seconded  the  motion  for  the  adoption  of  the 
Report  which,  he  thought,  was  aaa  interesting  record  of  the  pro- 
gress of  the  Institution. 

Prof.  Andrew  Jamieson  was  exceedingly  glad  to  see  that 
during  the  past  year  the  Institution  had  spent  £50  on  the 
best  scientific  books.  As  one  of  the  most  constant  readers  in 
the  Library,  he  thought  the  Members  might  congratulate  them- 
selves upon  the  very  good  selection  of  books  added  to  the  Library 
daring  the  past  year.  He  trusted  that  the  Library  Committee 
would  give  every  possible  consideration  to  books  proposed  by 
Members  of  the  Institution. 

The  President  remarked  that  the  Library  Committee  had  been 
very  zealous  in  the  past  in  trying,  to  further  the  objects  to 
which  Prof.  Jamieson  had  so  kindly  referred. 

28 
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The  motion  for  the  adoption  of  the  Beport,  on  being  put  to  the 
Meeting,  was  nnanimously  agreed  to. 

The  new  Members  elected  at  the  previous  meeting  were  dolj 
admitted 

Premium  of  Books, 

Mr  J.  G.  Johnstone,  B.Sc.,  was  presented  with  the  boob 
awarded  for  his  paper  on  ''  The  Uses  of  the  Integraph  in  Ship 
Calculations,"  read  during  Session  1903-04. 

Thereafter  the  President  delivered  his  Inaugural  Address.  On 
the  motion  of  Mr  D.  G.  Hamilton,  the  President  was  awarded  a 
vote  of  thanks  for  his  Address. 

A  paper  was  read  by  Mr  £.  M.  Speaeman  on  "  The  Determina- 
tion of  the  Principal  Dimensions  of  the  Steam  Turbine,  with 
Special  Beference  to  Marine  Work." 

The  discussion  on  Mr  Speasman's  paper  was  begim  and 
adjourned. 

The  following  candidates  were  duly  elected:  — 

AS   MEMBERS. 

Alexander,  John,  Engineering  Draughtsman,  31  Kelvingrove  Street, 
Glasgow. 

Belset,  Walter  James,  Electrical  Engineer,  91  Wellington  Street, 
Glasgow. 

BoAK,  WiLLL/U£,  Consulting  Engineer,  Messrs.  Delmege,  Forsyth  &  Co., 
Colombo,  Ceylon. 

KwiNG,  George  Hawksby,  Engineer,  Messrs.  Ewing  &  Lawson,  Ltd., 
Crownpoint  Boiler  Works,  Glasgow. 

Farnell,  Alfred  Henry,  Civil  Engineer,  Moorfield,  Lenzie. 

Gray,  Prof.  Andrew,  LL.D.,  F.R.S.,  The  University,  Glasgow. 

M0RT|  William,  Engineer,  41  Hamilton  Terrace,  W.,  Partick. 

Park,  Franklin  Atwood,  B.Sc,  General  Manager,  The  Singer  Manu- 
facturing Co.,  Kilbowie,  Clydebank. 

Parker,  George  Gladstone,  Naval  Architect,  Rossbank,  Port-Glasgow. 

SwANN,  William,  Consulting  Engineer,  Messrs.  Findlay  &  Co.,  Manilla,  P.I. 

From  Students. 
Dickie,  David  W.,  Naval  Architect,  i  Alleyne  Terrace,  Quincy,  Mass., 
U.S.A. 
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SiBBALD,  Thomas  Knight,  Engineer,  Messrs.   Cook  &  Son,   Ltd.,   Cairo, 

Egypt. 

Stbven,    David    M.,    Marine   Engineer,    9   Princes   Terrace,    Dowanhill, 
Glasgow. 

AS  ASSOCIATE  MEMBERS. 

JBallanttne,  Hugh  D.,  Engineering  Draughtsman,  Rose  Cottage,  Kilbirnie. 
Caldwell,  James,  Electrical  Engineer,  157  West  George  Street,  Glasgow. 
tAXE,  Frank  C,  Inspector  of  Hulls,  The  Customs  Service  of  t!ie  Philippine 

Islands,  Iloilo. 
T.AIRD,  Alexander,  Engineer  Draughtsman,  172  Pitt  Street,  Glasgow. 
T-iTTLE,   John  Paterson,   Engineering   Draughtsman,    100  Forth  Street, 

Pollokshields,  Glasgow. 
Martin,    George    Howe,    Engineering    Draughtsman,    c/o    Macfarlane, 

Strathend  House,  Strathleven  Place,  Dumbarton. 
Ranken,    John,     Engineering     Draughtsman,    Fernlea,    Wilson    Street, 

Motherwell. 

From  Students. 

Holmes,  James,  Engineer,  c/o  Robertson,  25  St.  James  Street,  Paisley. 
•Sharpe,  William  H.,  B.Sc,  Engineer,  Engineer's  Office,  Natal  Government 

Railway,  Pietermaritzburg,  Natal. 
Ward,  George  K.,  Shipbuilder,  Gaimoyle,  Dumbarton. 
Ward,  John  Jun.,  Engineer,  Garmoyle,  Dumbarton. 

as  students. 

AoYAGi,  J.,  Apprentice  Shipbuilder,  c/o  Minigle,  4  Bouverie  Street,  Yoker. 
Berg,  Willem  E.  G.,  Engineer  Draughtsman,  Avon  Street,  Motherwell. 
Duff,   Gordon   Alison,    B.Sc,  Apprentice    Engineer,     c/o    Donaldson, 

99  Clarence  Drive,  Hyndland,   Glasgow. 
McLachlan,    David   Farmer,   Ship    Draughtsman,    8   Highburgh  Road, 

Hillhead,  Glasgow. 
Malcolm,  William,   Engineering  Draughtsman,   c/o   Miller,   3  Hayburn 

Crescent,  Partickhill,  Glasgow. 
'Millar,  David  C,  Ship  Draughtsman,   28  WTiite  Street,  Partick. 
Ormiston,  James  Simon,  Ship  Draughtsman,  18  Percy  Street,  Paisley  Road, 

W.,  Glasgow. 
RoTHWELL,  James  E.  Student  of  Engineering,  2  Florentine  Place,  Hillhead, 

Glasgow. 
Whadcoat,    Henry  Cecil,    Engineer  Apprentice,    130  Nithsdale    Road, 

Pollokshields,  Glasgow. 
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An  Extbaobdinabt  General  Meeting  was  held  in  the  Hall 
of  the  Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  21st 
November,  1905,  at  7-45  p.m. 

Mr  James  Gilghbist,  President,  occupied  the  Chair. 

The  Secretary  read  the  circular  which  he  had  issued  to  the 
Honorary  Members,  Members,  Associate  Members,  and  Asso- 
ciates.    Its  terms  were: — 

«*  NOTICE  IS  HEREBY  GIVEN  that  an  Extraobdinabt 
General  Meeting  of  the  Institution  of  Engineers  and  Ship- 
builders in  Scotland  will  be  held  within  the  Hall  at  207  Bath 
Street,  Glasgow,  on  Tuesday,  2 1st  November,  1905,  at  7-45 
o'clock  p.m.,  for  the  following  purposes,  viz. : — 

"  (1)  To  consider  and,  if  approved,  to  confirm  a  Minute  of 
Agreement  entered  into  on  behalf  of  the  Institution  and  the 
Royal  Philosophical  Society,  dated  2Dd  and  4th  October,  1905, 
whereby  the  Institution  has  agreed,  inter  alia,  to  sell  its  interest 
in  the  property  at  207  Bath  Street,  Glasgow  (excepting  books, 
etc.,  as  mentioned  in  the  Agreement),  at  the  price  of  £4000, 
with  entry  at  Martinmas,  1905,  and  to  take  on  Lease  for  two 
years  from  Martinmas,  1905,  at  a  rent  of  £100  per  annum  and 
a  payment  of  £120  per  annum  in  respect  of  cleaning,  heating, 
lighting,  etc.,  the  premises  mentioned  in  the  said  Agreement. 
The  said  Agreement,  and  the  relative  letters  between  the  Agents 
of  parties  of  12th  and  24th  October,  1905,  will  be  submitted 
and  read  and  explained  at  the  meeting. 

"  (2)  To  consider  the  report  of  the  Committee  appointed  by 
the  Council  to  look  for  premises  for  the  Institution ;  to  consider 
the  recommendation  of  the  Council  to  acquire  certain  property 
for  the  Institution ;  and  to  confirm  that  recommendation  and  U> 
authorise  the  Council  accordingly. 

''  (3)  To  consider  and  dispose  of  any  other  competent  busi- 
ness." 

By  order  of  the  Council, 

Edwakd  H,  Pabkeb,  Secretary. 
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The  President  made  a  statement  as  to  the  negotiations  with 
-^he  Philosophical  Society,  and  thereafter  the  Secretary  read  the 
.Agreement  and  letters  mentioned  in  the  circular  calling  this 
xneeting.  On  the  motion  of  Mr  Ward,  seconded  by  Mr  Hogg, 
it  was  unanimously  resolved  that  the  Agreement  and  letters 
submitted  be,  and  tbe  same  are  hereby,  adopted  and  confirmed  ; 
that  the  Council  be,  and  they  are  bereby,  authorised  to  sell 
the  interest  of  the  Institution  in  the  property,  207  Bath  Street, 
Glasgow,  on  the  terms  mentioned  in  the  said  Agreement  and 
letters,  and  to  take  all  necessary  steps  for  completing  the  sale 
and  obtaining  the  lease  stipulated  for  in  the  said  Agreement. 

The  President  then  explained  the  steps  which  had  been  taken 
by  the  Committee  appointed  by  the  Council  to  look  out  for 
premises  for  the  Institution,  and  that  after  carefully  considering 
the  matter  the  Council  recommended  that  the  property^  forming 
Nos.  33  and  35  Elmbank  Street  and  39,  40,  and  41  Elmbank 
Crescent,  be  acquired  for  tbe  Institution.  A  survey  plan  showing 
this  property  and  the  present  premises  of  the  Institution  in  red 
and  blue  respectively,  %\as  exhibited,  and  explanations  were 
made.  Thereafter,  on  the  motion  of  Mr  Alston,  seconded  by 
Mr  Kennedy,  it  was  unanimously  resolved  that  the  steps  taken 
by  the  Committee  appointed  by  the  Council  to  look  out  for 
premises  be  approved,  that  the  recommendation  of  the  Council 
as  to  acquiring  the  subjects  forming  Nos.  33  and  3d  Elmbank 
Street,  and  39,  40,  and  41  Elmbank  Crescent,  be  adopted,  and 
that  the  Council  be,  and  they  are  hereby,  authorised  to  pur- 
chase the  said  subjects,  at  a  price  not  exceeding  £5,300,  upon 
such  conditions  as  the  Council  may  approve,  and  subject  to 
there  being  no  restrictions  interfering  with  the  purposes  of  the 
Institution,  and  to  the  title  being  approved  by  the  Law  Agents. 
On  the  motion  of  Mr  B.  T.  Napier,  the  meeting  passed  a 
vote  of  thanks  to  the  President  and  Council  for  their  labours 
on  behalf  of  the  Institution ;  and  the  President  acknowledged 
the  vote. 
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The  Second  General  Meeting  was  held  in  the  Hall  of  the 
Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  21  st  Nov- 
ember, 1905,  at  8-16  p,m, 

Mr.  James  Gilchrist,  President,  occupied  the  Chair. 

The  Minutes  of  the  General  Meeting,  held  on  24th  October,  1905, 
having  been  printed  in  the  billet  calling  the  Meeting,  were  held  as 
read,  and  signed  by  the  President. 

The  new  Members  elected  at  the  previous  meeting  were  duly 
admitted. 

The  discussion  on  Mr.  Speaeman's  paper  on  "  The  Determina- 
tion of  the  Principal  Dimensions  of  the  Steam  Turbine,  with 
Special  Eeference  to  Marine  Work,"  was  resumed  and  concluded. 

On  the  motion  of  the  President,  Mr,  Speakman  was  awarded  a 
vote  of  thanks  for  his  paper. 

The  following  Candidates  were  duly  elected : — 

AS  MEMBERS. 

DuNDAS,  DAvm,  Engineer,  Messrs.  A.  Watson  &  Co.,  36  George  Street, 

Glasgow. 
Ferguson,  John,  Civil  Engineer,  160  Hope  Street,  Glasgow. 
Miller,  Hugh,  Shipyard  Manager,  67  Danes  Drive,  Scotstoim,  Glasgow. 
Napier,  John  Stewart,  Engineer,  Herbertshire,  Meiklebriggs,  Paisley. 
O'Connor,  Owen  M'Donald,  Engineer,  Curepipe,  Mauritius. 
Stirling,  John,  Engineer,  Beechwood  Villa,  Drive  Road,  S.  Govan. 
Winning,    Wilfrid    Lawson,    Electrical    Engineer,    99    Queensborough 

Gardens,  Hyndland,  Glasgow. 

As  Associate  Members. 

Baird,  Thomas  H.,  Engineer  Draughtsman,  12  Berkeley  Terrace,  Glasgow. 

Brownlie,  Matthew,  Engineer    Draughtsman,  Meadowpark,  Strathaven. 

Cameron,  John,  Engineer  Draughtsman,  29  White  Street,  Partickhill, 
Glasgow. 

FouLis,  William,  Engineer,  a  Montgomerie  Quadrant,  Kelvinside, 
Glasgow. 

Guthrie,  William  Orrok,  Engineer  Draughtsman,  4  Crown  Circus 
Road,  Glasgow,  W. 

Heron,  John  Murdoch,  Ship  Draughtsman,  4  Merchiston  Avenue,  Edin- 
burgh. 
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liOGAXTH,    Alexandeh,   Engineer    Draughtsman,    i    Tantallon   Terrace, 

Ibrox,  Glasgow. 
M'Fablane,   Duncan  A.,   Engineer    Draughtsman,   9  DunoUy   Gardens, 

Ibrox,  Glasgow. 
Kf  cHaedy,  Wallace  Bruce,  Engineer  Draughtsman,  Flakedale,  Hamilton. 
I*aterson,  George,  Engineer   Draughtsman,  27  White  Street,  Partick. 
Stewart,    Alexander   Walker,   Ship   Draughtsman,  41    Comely   Bank 

Avenue,  Edinburgh. 
Stott,  John,  Engineer    Draughtsman,  103  Stevenson  Drive,  Shawlands, 

Glasgow. 
Thomson,   James,    Jun.,    Engineer    Draughtsman,  2  Glcnavon   Terrace, 

Partick. 
TiLLOTSON,  Frank,  Engineer  Draughtsman,  8  Woodlands,  Albert  Road, 

Langside,  Glasgow. 
Yamakawa,  Kiichiro,  Ship  Draughtsman,  8  Sutherland  Drive,  Hillhead, 
Glasgow. 

As    Students. 

Brown,  Andrew,  Apprentice  Engineer,  7  Whittingehame  Gardens,  Glas- 
gow. 

Halket,  James  Pitcafrn,  Jun.,  Apprentice  Engineer,  7  Clydeview, 
Partick. 

Henningsen,  Svend,  Student  of  Naval  Architecture,  c/o  Ross,  136  Wood- 
lands Road,  Glasgow. 

Linklater,  Valdemar  M*Lelland,  Ship  Draughtsman,  20  Netherby 
Road,  Trinity,  Edinburgh. 

Tennet,  William  Whaley,  Apprentice  Engineer,  155  H3mdland  Road, 
Kelvinside,  Glasgow. 

Whitehead,  John,  B.Sc,  Mechanical  Engineer,  Howford,  M&nsewood, 
PoUokshaws,  Glasgow. 


The  Third  General  Meeting  was  held  in  the  Hall  of  the 
Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  1 9th  Decem- 
ber, 1905,  at  8  p.m. 

Mr  James  Gilchrist,  President,  occupied  the  Chair. 

The  Minutes  of  the  General  Meeting,  held  on  2l8t  November, 
1905,  haying  been  printed  in  the  billet  calling  the  Meeting,  were 
held  as  read,  and  signed  by  the  President. 
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The  new  Members  elected  at  the  previous  meeting  were  duly 
admitted. 

A  paper  by  Mr  R.  M.  Neilson  on  ••  The  Evolution  and  Pro- 
spects of  the  Elastic  Fluid  Turbine"  was  read. 

The  discussion  on  Mr  Neilson's  paper  was  begun  and  ad- 
journed. 

A  paper  by  Mr  W.  J.  Goudie,  B,Sc.,  on  **The  Application  of 
Calculating  Charts  to  Slide- Valve  Design"  was  read. 

Thereafter  Mr  W.  C.  Martin  exhibited  the  Frahm  Speed 
Indicator,  and  explained  its  action ;  and  on  the  motion  of  the 
Peesident,  Mr  Martin  was  awarded  a  vote  of  thanks  for  bis 
exhibition  of  the  instrument. 

The  following  Candidates  were  duly  elected : — 

AS  MEMBERS. 

Andrew,  David,  Jun.,  Engineer,  ii6  Hope  Street,  Glasgow. 

DoBBiE,  John  Gourlay,  Superintendent  Engineer,  203  West  George  Street, 

Glasgow. 
Mellanby,  Prof,   Alexander   Lawson,    D.Sc,   Technical  CoUege,    J04 

George  Street,  Glasgow. 
Rankin,  Richard  Lees,  Founder,  Norwood,  Balloch. 
SioTHERT,  John  Kendall,   Engineer,  Messrs.   Babcock  &  Wilcox,  Ltd., 

St.  Vincent  Place,  Glasgow. 
Tainsh,  John  A.  G.,  B.Sc,  Engineer,  Messrs.  Biles,  Gray  &  Co.,  175  West 

George  Street,  Glasgow. 
Wray,  W^illiam  J.  R.,  Electrical  Engineer,  175  West  George  St.,  Glasgow. 

AS  ASSOCIATE   MEMBERS. 

Buchanan,  George  Hamilton,  Locomotive  Draughtsman,  i  Wellfield 
Terrace,  Springburn,  Glasgow. 

Elliott  Simpson,  Engineer  Draughtsman,  12a  Darnley  Street,  Pollok- 
shields,  Glasgow. 

McMillan,  Thomas,  Locomotive  Draughtsman,  5  Balgray  Hill,  Spring- 
burn,  Glasgow. 

Marshall,  James  Eadie,  Marine  Engineer,  18  Patrick  Street,  Greenock. 

From  Students. 
Simpson,  Adam,  Engineer,  12  Rupert  Street,  Glasgow. 
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AS   AN  ASSOCIATE. 

::»d:*LiNTOCK,  Finlay,  Director  of  Messrs.  Sharp  &   Co.,   Iron  Founders, 
Fisherwood,  Balloch. 

AS   STUDENTS. 

BaucE,  William  Ross,  Engineer,  Oaklca,  Hawkhead  Road,  Paisley. 

■<::kombie,  John  Wallace,   Apprentice  Engineer,  c/o  Turnbull,   25  lona 

Place,  Mount  Florida^  Glasgow. 

Hill,    Gerard  Leader,    Student   of  Naval   Architecture,   4  Thornwood 
Terrace,  Partick. 

Olsen,   Harold  M.,    Student   of  Naval   Architecture,    37  Smith   Street, 

Hillhead,  Glasgow. 
Pollard  Henry,  Engineer,    Eaglehurst,  Douglas,  I.O.M. 
Russell,  Thomas,  Engineering  Draughtsman,  Kilkerran,  Greenock  Road, 

Paisley. 
WiLLETT,  Edward  V.  A.,.  Student  of  Naval  Architecture,  68  Lauderdale 

Gardens,  Hyndland,  Glasgow. 


The  Fourth  General  Meeting  was  held  in  the  Hall  of  the 
Jnstitution,  207  Bath  Street,  Glasgow,  on  Tuesday,  23rd  January, 
1906,  at  8  p.m. 

Mr  James  Gilchbist,  President,  occupied  the  Chair. 

The  Mnutes  of  the  General  Meeting,  held  on  19th  December, 
1905,  having  been  printed  in  the  billet  calling  the  Meeting,  were 
held  as  read,  and  signed  by  the  President. 

The  new  Members  elected  at  the  previous  meeting  were  duly 
admitted. 

The  President  intimated  that  an  invitation  had  been  received 
irom  the  American  Philosophical  Society,  which  read  as  follows : — 

''The  American  Philosophical  Society  has  the  honour  to 
invite  the  Institution  of  Engineers  and  Shipbuilders 
in  Scotland  to  be  represented  at  the  celebration  of  the 
Two  Hundredth  Anniversary  of  the  birth  of  its  founder, 
Benjamin  Franklin,  to  be  held  in  Philadelphia  on 
April  17th,  18th,  19th,  and  20th,  1906." 
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Thereafter,  the  Conveyance  by  the  Institution  in  favour  of  the 
Boyal  Philosophical  Society  of  Glasgow,  which  had  been  prepared 
in  terms  of  the  Agreement  come  to  between  the  Institution  and 
the  Society,  was  submitted.  The  Conveyance  was  held  as  read^ 
and  it  was  resolved  that  the  Agreement  should  be  executed  by  the 
Institution,  and  the  Meeting  authorised,  and  hereby  authorise,  Mr 
James  GiiiCintisT,  President,  Mr  Abthub  D.  Wedgwood,  Vice- 
President  (two  Members  of  the  Council),  and  the  Secretary,  to  sign 
the  Conveyance,  and  to  adhibit  the  Seal  of  the  Institution  to  the 
Conveyance  for,  and  in  name,  and  on  behalf  of  the  Institution ; 
which  was  accordingly  done  in  presence  of  the  meeting. 

The  discussion  on  Mr  NeHjSOn's  paper  was  resumed  and  con- 
cluded. 

On  the  motion  of  the  President,  Mr  Neilson  was  awarded  a 
vote  of  thanks  for  his  paper. 

The  discussion  on  Mr  W.  J.  Goudib's  paper  on  "The  Applica- 
tion of  Calculating  Charts  to  Slide- Valve  Design,"  was  postponed. 

Thereafter,  the  Secretary  read  a  paper  by  Mr  James  Howden 
on  "  The  Screw  Propeller  Controversy." 

The  following  candidates  were  duly  elected : — 

AS  MEMBEKS. 

Bell,  John  Hart,  Engineer,  Messrs.  Cochran  &  Co.,  Annan. 
Fletcher,  Andrew,  Engineer,  Hoboken,  New  Jersey,  U.S.A. 
Griffith,  Edwin,  Engineer,  Manager,  36  Finnieston  Street,  Glasgow. 
London,  William  J.  A.,  Chief  Engineer,  British  Westinghouse  Works» 

Trafford  Park,  Manchester. 
Reid,  Robert  W.,  Marine  Engineer,  958  SauchiehaU  Street,  Glasgow. 
Scott,   Allan,    Engineer,  Messrs.   Chambers,    Scott   &  Co.,   Engineers, 

Motherwell. 
Warnock,  Thomas  F.,  Consulting  Engineer,  274  Bath  Street,  Glasgow. 
Wright,  Robert,  Superintendent  Engineer,  Sir  John  Rogerson's  Qua}v 

Dublin. 

AS  associate  members. 
Gumming,  Findlay  M.,  Marine  Engineer,  4  Smithhills,  Paisley. 
Grieve,  John,  Engineer  Draughtsman,  Bumbrae,  Miller  Street,  Hamilton. 
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JA.MSON,  Joseph  W.,  Engineer  Draughtsman,  83  Hyndland  Street,  Partick. 
Oliver,  Gordon  Bernard,  Naval  Architect,  St.  Martins,  Whittingehame 

Drive,  Glasgow. 
Todd,  Joseph,  Engineer,  c/o  Moffat,  104  Bothwell  Street,  Glasgow. 

From  Students. 
Barnwell,  Frank  S.,  Elcho  House,  Balfron. 
Barnvtell,  Richard  H.,  Elcho  House,  Balfron. 

AS   AN   ASSOCIATE. 

R.EID,  William,  Machinery  Merchant,  109  Hope  Street,  Glasgow. 

AS   STUDENTS. 

Kinley,  William  L.,  Apprentice  Engineer,  c/o  Heaton,  9  Alexandra  Street, 

Partick. 
MacGibbon,    John,    Engineer   Draughtsman,    Glenorch>,    Scotstounhill, 

Glasgow. 
IklAKGiLL,    Arthur,  Apprentice    Engineer,   220  Langlands    Road,    South 

Govan. 
Murray,  Angus  Robertson,  Apprentice  Engineer,  Strathroy,  Dumbreck. 


The  Fifth  GENBBAii  Meeting  was  held  in  the  Hall  of  the  Insti- 
tution, 207  Bath  Street,  Glasgow,  on  Tuesday,  20th  February, 
1906,  at  8  p.m. 

Mr.  Jambs  Gilchbist,  President,  occupied  the  Chair. 

The  Minutes  of  the  General  Meeting,  held  on  2drd  January, 
1906,  having  been  printed  in  the  billet  calling  the  Meeting,  were 
held  as  read,  and  signed  by  the  President. 

The  new  Members  elected  at  the  previous  meeting  were  duly 
admitted. 

The  discussion  on  Mr.  W.  J.  Goudie's  paper  on  "  The  Applica- 
tion of  Calculating  Charts  to  Slide-Yalve  Design,"  was  begun  and 
adjourned. 

The  discussion  on  Mr.  Jambs  Howden's  paper  on  "The  Screw 
Propeller  Controversy,"  was  begun  and  adjourned. 

A  paper  by  Mr,  W.  A,  Kbb,  on  "  Notes  on  Some  Common  Errors 
in  the  Use  of  Electric  Motors  for  Machine  Driving,"  was  read. 
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The  following  candidates  were  duly  elected: — 

AS   MEMBERS. 

Bagshawe,  Benjamin  Wyatt,  Engineer,  50  Wellington  Street,   Gla^ow. 
RoGERSON,   Thomas   Bond,   Engineer   Manager,   East  Thome,    Tollcross, 
Glasgow. 

AS  ASSOCIATE  MEMBERS. 

Fergus,   Fred.    Smeaton,   Marine   Engineer,   494   Great   Western    Road, 

Hillhead,  Glasgow. 
Roberts,    William    Mirrlees,    Engineer    Draughtsman,    15     Ardgowan 

Street,  Greenock. 

AS  students. 
Grange,    George   Rochfort,   Apprentice   Engineer,   3    Lennox    -Avenue, 

Scotstoun,  Glasgow. 
Jones,  Noel,  Apprentice  Engineer,  204  Langlands  Road,  Govan. 
Robertson,    Thomas   Alston,^  Electrical   Engineer,   46    Queen's    Drive, 

Crosshill,  Glasgow. 


An  Extraordinary  General  Meeting  was  held  in  the  Hall  of 
the  Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  SOfcli 
March,  1906,  at  7-45  p.m. 

Mr  James  Gilchrist,  President,  in  the  Chair. 

The  Secretary  read  the  notice  calling  the  Meeting  as  follows : — 

NOTICE  IS  HEREBY  GIVEN,  that  an  Extraordinary 
General  Meeting  of  the  Institution  will  be  held  within  the  large 
Hall  at  207  Bath  Street,  Glasgow,  on  Tuesday,  20th  March,  1906, 
at  7-45  o'clock  p.m.,  to  consider,  and  if  approved,  to  pass  the 
following  Resolution,  namely: — 

That  Articles  23,  25,  and  27,  of  the  Articles  of  Association  of 
the  Institution,  be,  and  are  hereby,  cancelled,  and  that  in  lieu 
thereof  the  following  Articles  be,  and  are  hereby,  substitatedi 
namely : — 

23.  The  Office-Bearers  in  office  at  30th  April,  1902|  shaU 
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continue  in  office  till  the  First  General  Meeting  of  the 
Institution  in  October,  1902,  when  a  new  Council  shall  be 
elected  in  terms  of  these  Articles.  Such  Office-Bearers  shall 
be  eligible  for  election  for  the  new  Council.  Of  the  new 
Council,  two  Vice-Presidents  shall  retire  in  October  of  each 
of  the  years,  1903,  1904,  and  1905,  their  places  being  filled 
by  election,  and  the  persons  elected  shall  hold  office  until  the 
expiry  of  the  terms  of  office.  Similarly  of  the  new  Council, 
six  Councillors  (being  five  Members  and  one  Associate)  shall 
retire  in  October,  1903,  and  a  like  number  in  October,  1904, 
and  the  remainder  in  October,  1905,  their  places  being  filled 
by  election  at  these  dates  respectively,  and  their  successors 
retiring  at  the  expu^  of  the  terms  of  office,  and  so  on  there- 
after from  year  to  year.  The  Vice-Presidents  to  retire  in 
October,  1903  and  1904,  shall  be  determined  by  lot  among 
the  six  Vice-Presidents  first  elected,  and  the  Members  of 
Council  to  retire  in  October,  1903  and  1904,  shall  be  deter- 
mined by  lot  among  the  Members  of  the  Council  first  elected. 
The  Vice-Presidents  and  the  Ordinary  Members  of  Council 
who  fall  to  retire  at  the  dates  mentioned,  or  who  fall  to  retire 
at  any  time  on  the  expiry  of  their  term  of  office,  shall  not  be 
eligible  for  re-election  in  the  same  capacity,"^  nor  shall  a  retir- 
ing Vice-President  be  eligible  for  election  as  a  Member  of 
Council  until  one  year  has  elapsed  since  the  date  of  retiral. 

25.  In  March  of  each  year  the  Council  shall  meet  and  pre- 
pare a  list  of  names  for  the  election  of  Council  for  the  ensuing 
year.*  This  list  shall  be  submitted  to  the  Members  at  the 
Monthly  Meeting  preceding  the  Annual  Meeting,  and  the 
Members  present  may  by  motion,  duly  seconded,  propose 
any  additional  names  for  any  of  the  offices. 

27.  A  vacancy  occurring  during  any  Session  in  conse- 
quence of  the  resignation  or  death  of  any  Office-Bearer 
(except  the  President)  shall  be  filled  up  by  the  Council,  until 
the  next  Annual  Greneral  Meeting  for  electing  Office-Bearera» 
Any  vacancy  in  the  office  of  President  shall  be  filled  up  at  th^ 
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next  General  Meeting  of  the  Institution.    A  person  elected  to 
fill  a  vacancy  shall  hold  office  for  the  period  unexpired  of  the 
term  of  office  of  the  Office-Bearer  resigning  or  dying  or  being 
removed  from  office,  and  he  shall*  not  be  eligible  for  re- 
election. 
The  Resolution  vnll  be  submitted  as  a  Special  Eesolution,  and 
passed  by  the  required  majority,  will  be  submitted  for  confirma- 
tion as  a  Special  Eesolution  at  a  Second  Extraordinary  Meeting, 
which  will  be  subsequently  convened. 

By  order  of  the  Council, 

Edwabd  H.  Pabkeb,  Secrdary. 

Note, — The  alterations  and  additions  suggested  by  the  Council 
consist  of: — 

(1.)  The  addition  of  the  words  "  nor  shall  a  Vice-President  be 
eligible  for  election  as  a  Member  of  Council "  to  Article 
23,  to  be  read  after  the  word  "  capacity.*** 

(2.)  The  deletion  of  the  words*  "This  list  shall  contain  the 
name  of  the  proposed  President,  and  not  less  than 
two  names  of  persons  proposed  by  the  Council  for 
each  vacancy  in  the  class  of  Vice-Presidents,  Ordi- 
nary Members,  and  Associate  Members  of  CouncU" 
from  Article  25. 

(3.)  The  insertion  of  the  word  •  **  not "  between  the  words 
"shall"  and  "be"  in  Article  27, 

The  President  referred  to  the  nature  of  the  suggested  altera- 
tions, and  moved  that  the  Resolution  be  passed.  The  motion  was 
seconded  by  Mr  Mollison,  and  carried  unanimously. 


Thb  Sixth  General  Meeting  was  held  in  the  Hall  of  the 
Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  20th  March, 
1906,  at  8  p.m. 
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Mr.  James  Gllchribt,  President,  occupied  the  Chair. 

The  Minutes  of  the  General  Meeting,  held  on  20th  February, 
1906,  having  been  printed  in  the  billet  calling  the  Meeting,  were 
l^eld  as  read  and  signed  by  the  President. 

The  new  Members  elected  at  the  previous  meeting  were  duly 
^idmitted. 

New  Buildings — Competitive  Plans. 

The  President  intimated  that  after  a  great  deal  of  time  and 
labour  the  Council  were  in  the  position  of  being  unanimous  in  the 
selection  of  the  designs  for  the  Institution's  new  buildings.  The 
Council,  he  said,  had  invited  competitive  plans  from  architects 
practising  in  Glasgow,  and  not  less  than  fifty-one  firms  had 
responded  to  the  invitation.  The  plans  were  on  exhibition  at  the 
Wellesley  Buildings,  137  Sauchiehall  Street,  where  the  Members 
could  see  them.  In  making  the  selection,  not  a  single  Member  of 
Council  had  the  remotest  idea  who  the  authors  of  the  various  plans 
were.  Each  set  of  designs  was  numbered  as  received,  while  the 
same  number  was  written  on  a  sealed  envelope,  containing  the 
name  and  address  of  the  competitor.  He  had  now  pleasure  in 
announcing  that  the  winning  number  was  16;  the  others  in  order  of 
merit  being  48,  26,  and  10  respectively.  He  then  requested  the 
Secretary  to  open  the  envelopes  relative  to  these  numbers  and 
announce  the  name  of  the  authors  of  the  premiated  designs. 

The  Secretary  broke  the  seals  of  the  envelopes,  and  de- 
clared the  following  as  the  winners  in  the  competition  :-r+ 
First,  No.  16,  Mr  John  B.  Wilson,  92  Bath  Street;  second. 
No.  48,  Messrs,  Mitchell  &  Whitelaw,  219  St.  Vincent  Street ; 
third,  No.  26,  Mr  H,  E.  Clifford,  225  St.  Vincent  Street;  and 
fourth,  No.  10,  Mr  W.  F.  M^Gibbon,  221  West  George  Street. 

The  President  stated  that  according  to  the  conditions  of  the 
competition  these  four  sets  of  plans  became  the  property  of  the 
Institution.  The  winning  competitor  would  be  the  architect  of 
the  buildings ;  the  second  would  receive  a  premium  of  £75 ;  the 
ihird£50;   and  the  fourth  £25. 
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On  the  motion  of  Professor  Jamieson  a  vote  of  thanks  was- 
awarded  the  Convener  and  Members  of  the  Committee  on  New 
Buildings  for  their  careful  examination  and  selection  of  plans. 

The  discussion  on  Mr.  W.  J.  Goudib's  paper  on  "  The  Applica- 
tion of  Calculating  Charts  to  Slide- Valve  Design,"  was  resumed 
and  concluded. 

On  the  motion  of  the  President  Mr.  Goudie  was  awarded  a  vote 
of  thanks  for  his  paper. 

The  discussion  on  Mr.  James  Howden's  paper  on  "  The  Screw 
Propeller  Controverey,"  was  postponed. 

The  discussion  on  Mr.  W.  A.  Ker's  paper,  on  **  Notes  on  Some 
Common  Errors  in  the  Use  of  Electric  Motors  for  Machine 
Driving,"  was  begun  and  adjourned. 

A  paper  by  Mr  H.  Norman  Leask,  on  "Eefuse  Destructors," 
was  read. 

The  following  Candidates  were  duly  elected : — 

AS   MEMBERS. 

Beale,  Samuel  Richard,   Engineer,  Manager,  The  Crown   Iron   Works, 

North  Woodside  Road,  Glasgow. 
Burt,  Peter,  Engineer,  Holly  Bank,  Bothwell. 
DuNLOP,  John  Mitchell,  Engineer,  Messrs.  Millar  &  Allan,  Ltd.,  93  Hope 

Street,  Glasgow. 
Lawson,   Charles  Buchanan,   Engineer  and  Boilermaker,   Crown  Point 

Boiler  Works,  St.  Marnock  Street,  Glasgow. 
Lang,  James,   Engineer,   Netherby,  Johnstone. 
Lang,  William  B.,  Engineer,  Springfield,  Johnstone.* 
Sutherland,  John,  Engineer,  Manager,  The  British  Aluminium  Co.,  Ltd.,. 

Greenock. 
Wasley,   Thomas  J.   J.,   Engineer,  21    Station   Road,  Coatham,  Redcar^ 

Yorks. 

From  Associate  Members, 
Atchley,  Charles  Atherton,  Electrical  Engineer,  50  Wellington  Street^ 

Glasgow. 

AS  associate  members^ 
Caldwell,  James,  Engineer  Draughtsman,  6  Clydeview,  Partick. 
Crawford,  John  Douglas,  Engineer,  64  Love  Street,  Paisley, 

From  Students. 
Service,  William,  Marine  Engineer,  173  West  Graham  Street,  Glasgow. 
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AS  AN  ASSOCIATE. 

Scott,  Harold  H.  S.,  Shipowner,  94  Hope  Street,  Glasgow. 

AS  STUDENTS. 

KiXKLAND,  James,  Engineer  Draughtsman,  23  Cross,  Beith. 

X.OFKZ,  Joaquin,   Student  of  Engineering,  109  Sinclair  Drive,  Langside, 

Glasgow. 
LncwooD,   Charles,  Apprentice  Engineer,   1   Clarence  Drive,  Hyndland, 

Glasgow. 
M'Cartney,  Hugh  Neil,  Apprentice  Engineer,  7  Granville  Street,  Glas- 

gow,  W. 
MacLean,  Gavin  Thomson,  Apprentice  Engineer,  100  Springkell  Avenue, 

Maxwell  Park,  Glasgow. 
Mann,  John  Kennedy,  Electrical  Engineer,  37  Partickhill  Road,  Glasgow. 
Ward,  Richard  J.  L.,  Student  of  Naval  Architecture,  67   Main  Street, 
Glasgow. 


An  Extbaobdinaby  Genebal  Meeting  was  held  in  the  Hall  of 
the  Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  17th  April, 
1906,  at  7-46  p.m.,  for  the  purpose  of  confirming  the  Resolution, 
passed  at  an  Extraordinary  Meeting  of  the  Institution,  held  on 
20th  March,  1906,  and  which  Resolution  is  embodied  in  the 
minutes  of  the  Meeting  of  that  date. 

Mr  E.  HaiiL-Bbown,  Vice-President,  occupied  the  Chair. 

The  Secretary  read  the  notice  calling  the  Meeting  and  the 
Resolution.  After  some  discussion,  the  motion  that  the  Resolu- 
tion be  confirmed,  was  put  to  the  Meeting  by  the  Chairman  and 
unanimously  adopted. 


Thb  Seventh  Genebal  Meeting  was  held  in  the  Hall  of  the 
Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  17th  April, 
1906,  at  8  p.m. 

Mr.  E.  Hall-Bbown,  Vice-President,  occupied  the  Chair. 

The  Minutes  of  the  General  Meeting,  held  on  20th  March,  1906, 
haying  been  printed  in  the  billet  calling  the  Meeting,  were  held  aa 
read  and  signed  by  the  ChalKmao. 

29 
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The  new  Members  elected  at  the  previous  meetmg  were  duly 
admitted. 

The  following  nominations  for  Olfice-Bearers  were  then  made: — 
President — Mr.  Jambs  Gilchbist  ;  Vice-Presidents — Messrs.  Alex. 
Cleghobn  and  C.  P.  Hogg  ;  Ordinary  Members  of  Council — Messrs. 
William  Beown,  J.  E,  Habbison,  R.  D.  Munbo,  James  Rowan, 
and  Peteb  Wallace  ;  Member  of  Council  from  Associate  Class — Mr. 
James  Donald,  J.P, 

The  discussion  on  Mr,  James  Howden's  paper  on  "  The  Screw 
Propeller  Controversy,"  was  again  postponed. 

The  discussion  on  Mr.  W.  A.  Keb's  paper  on  "  Notes  on  Some 
Common  Errors  in  the  Use  of  Electric  Motors  for  Machine  Driv- 
ing," was  resumed  and  concluded. 

On  the  motion  of  the  Chairman,  Mr.  Keb  was  awarded  a  vote 
of  thanks  for  his  paper. 

The  discussion  on  Mr.  H.  Nobman  Lease's  paper  on  "  Refuse 
Destructors,"  was  begun  and  concluded. 

On  the  motion  of  the  Chairman,  Mr.  Lease  was  awarded  a  vote 
of  thanks  for  his  paper. 

The  following  Candidates  were  duly  elected: — 

AS  A  MEMBES. 

Leask,  Heney  Noeman,  Engineer,  4  Chapel  Walks,  Manchester. 

AS  AN  ASSOCIATE  MEMBEB. 

Gray  Robert,  Marine  Engineer  Draughtsman,  88  Lennox  Street, 
Possilpark,  Glasgow. 


The  Annual  Genebal  Meetino  was  held  in  the  Hall  of  the 
Institution,  207  Bath  Street,  Glasgow,  on  Tuesday,  1st  May, 
1906,  at  8  p.m. 

Mr  James  Gilchbist,  President,  occupied  the  Chair. 

The  Minutes  of  the  Seventh  General  Meeting,  held  on  17th 
April,  1906,  having  been  printed  in  the  billet  calling  the  Meeting, 
were  held  as  read,  and  signed  by  the  President. 
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The  new  Members  elected  at  the  previous  Meeting  were  duly 
^admitted. 

The  following  gentlemen  were  elected  as  Office-Bearers  : — For 
"Session  1906-07 — President,  Mr  James  GuiCHKIST.  For  Sessions 
1906-09 — Vice-PresideniSf  Mr  Alexander  Cleghorn  and  Mr  C.  P. 
Hogg;  Ordinary  Members  of  Cowndl,  Messrs  William  Brown, 
J.  E.  Harrison,  R.  D.  Munro,  James  Rowan,  and  Peter 
Wallace;  Member  of  Council  from  Associate  Class,  Mr  Jambs 
Donald,  J.P. 

A  premium  of  books  was  awarded  to  Dr.  J.  Bruhn  for  his  paper 
on  "  Methods  for  Estimating  the  Strength  of  Ships,"  and  to  Mr 
A.  Melencovich  for  his  paper  on  **  Multiple  Steam  Turbines," 
read  during  Session,  1904-05. 

The  discussion  on  Mr  James  Howdbn's  paper  on  the  "  Screw 
Propeller  Controversy,"  was  resumed  and  concluded. 

On  the  motion  of  the  President,  Mr  Howden  was  awarded  a 
vote  of  thanks  for  his  paper. 

A  paper  by  Dr.  R.  F,  Muirhead,  **0n  Equimomental  Systems 
and  Their  Use  in  Applied  Mechanics,"  was  read  and  discussed. 

On  the  motion  of  the  President,  Dr.  Muirhead  was  awarded  a 
vote  of  thanks  for  his  paper. 

The  following  Candidates  were  duly  elected: — 

as  membess. 
Dkummond,  William,  Engineer,    44  Polworth  Gardens,  Hyndland, 

Glasgow. 
^iME,  William,  Engineer,  Victoria  Biscuit  Works,  Glasgow. 
Voos,  Armand,  Superintendent  Engineer,  Chateau  de  Petaheid,  Verviers, 

Belgium. 

AS  ASSOCIATE  MEMBERS. 

From  Students. 

DoBBiE,   Robert    Brown,    Engineer,    15    Leander  Road,   Brixton  Hill, 

London,  S.W. 
<}rant,  William,  Electrical  Engineer,  40  Keppel  Road,   Chorlton-cum- 
Hardy,  Manchester. 
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AS  STUDENTS. 

Dennistoun,  Ascribald  B.,  Apprentice  Engineer,  Glenesk,   Shcrbrooke 

Avenue,  Pollokshields,  Glasgow. 
Dixon,  Ernest  M.,  Engineer    Draughtsman,  i  Westbank  Place,  Smitlb 

Street,  Hillhead,  Glasgow. 
Elliot,  James,  Electrical  Engineer,  89  North  Street,  \Vhiteinch,  Glasgow;. 


REPOBT  OF  THE  COUNCIL. 


Session  1904-1905. 


On  the  occasion  of  the  Opening  Meeting  of  the  Forty-ninth 
Session,  the  Council  has  pleasure  in  reporting  that  the  affairs  of 
the  Institution  are  very  satisfactory.  Notwithstanding  his  illness, 
the  President  continued  to  take  a  deep  interest  in  the  work  of  the 
Institution;  unfortunately  he  was  unahle  to  attend  the  Council 
meetings,  but  in  his  absence  Mr.  James  Gilchrist  ably  presided. 
There  has  been  a  steady  growth  in  the  Membership  of  the  Institu- 
tion, resulting  in  a  net  increase  of  49  for  the  year,  compared  with 
.an  increase  of  17  for  the  previous  session. 

The  Roll. 
The  changes  which  have  taken  place  in  the  Roll  during  the  year 
ending    30th    September,    1905,   are    shown    in    the    following 
statement : — 


Session  190a-1004. 
Honorary  Members,        8 
Members,  ...    1,013 

Associate  Members,     100 
Associates,  ...        88 

Students,  ...       193 

1,402 


Session  1904-1905. 

8 

...      1,023 

127 

91 

202 

1,451 


The  elections  were  Members  39,  Associate  Members  17,  Asso- 
•ciates  9,  and  Students  43;  while  1  Associate  Member  and  11 
Students  passed  into  the  Members'  Section,  and  12  Students 
were  transferred  to  the  Class  of  Associate  Members,  In  respect 
of  deaths,  resignations,  and  deletions  the  Membership  was 
decreased  by  59. 
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The  Council  regrets  having  to  record  the  loss  by  death  of  the- 
foUowing: — Members — James  Foster,  Glasgow;  James  Gray, 
Old  Cumnock;  Edmund  Hunt,  Glasgow;  David  M'Call,  Glasgow ; 
John F.  Miller,  Glasgow ;  Edmund  Mott,  Cardiff;  William  Robert- 
son, Glasgow ;  George  Lennox  Watson,  Glasgow ;  John  Wilson, 
Glasgow ;  John  Young,  TighnabruaicL  Associate — James  Napier,. 
Old  Eilpatrick, 

Meetings. 

During  the  year  the  following  interesting  Papers  were  read^ 
and  these,  together  with  the  discussions  thereon,  are  embodied 
in  Volume  XLVIII.  of  the  Institution's  Proceedings: — 

**  The  Smoke  Problem,"  by  Mr.  F.  J.  Rowan, 

*'  The  Breakage  and  Benewal  of  a  Large  Cylinder,"  by  Mr^ 
Hector  MacColL 

**The  Transmission  of  Power  by  Ropes,"  by  Mr.  Edwin 
Kenyon. 

**  Multiple  Steam  Turbines,"  by  Mr.  Alexander  Melencovich. 

«  Methods  of  Estimating  the  Strength  of  Ships,"  by  Mr.  J. 
Bruhn,  D.So. 

"The  Compounding  of  Locomotive  Engines"  by  Mr.  John 
Riekie. 

"  Some  of  the  Effects  likely  to  be  Produced  by  the  Gyroscopic 
Action  of  Steam  Turbines  on  Board  Vessels  Pitching  in 
a  Sea,"  by  Mr.  J.  Blacklock  Henderson,  D.Sc. 

"Gyrostats  and  Gyrostatic  Action,"  by  Professor  Andrew- 
Gray,  LL.D.,  F.R.S. 

In  addition  to  these  papers  the  question  of  "The  Board  of  Trade 
Regulations  for  Certificated  Marine  Engineers"  was  discussed  at 
two  meetings.  The  meetings  held  during  the  Session  were  nine 
in  number. 

The  "James  Watt"  Anniversary  Dinner  took  place  on  Thurs- 
day evening,  19th  January,  1905,  at  the  Grosvenor  Restaurant^ 
Glasgow,  and  was  attended  by  a  large  number  of  Members  and 
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distinguished  guests.  A  very  enjoyable  evening  was  spent,  and 
the  success  of  previous  functions  of  a  similar  character  was  fully 
maintained. 

A  Smoking  Concert  was  held  in  the  banqueting  hall  of  the 
Grosvenor  Restaurant  on  the  evening  of  Saturday,  3rd  March 
1905.  The  company  present  ntimbered  about  300,  and  seemed 
to  thoroughly  enjoy  the  programme  arranged  by  the  Committee. 

The  Council  desires  to  urge  every  Member  to  use  his  best  efforts 
towards  promoting  the  welfare  of  the  Institution,  by  regularly 
attending  the  Meetings,  by  contributing  papers  or  taking  part  in 
discussions,  and  by  securing  new  Members. 

Students'  Section. 
The  Meetings  held  by  the  Students  were  seven  in  number. 
The  Chairman  of  the  Section,  Mr.  E.  Hall-Brown,  opened  the 
Session  with  an  address.    At  the  subsequent  meetings  the  under 
mentioned  papers  were  read  and  discussed :  — 

"  The  Evolution  of  the  Armoured  Battleship,"  by  Mr.  A.  J. 

Cameron. 
"The  Modem  Equipment  of  Steam  Boilers,"  by  Mr.  John 

Forrester. 
**  Experiments  on  Launching  with  Practical  Conclusions,"  by 

Mr,  D.  W.  Dickie. 
"Some  Points  in  Connection  with  BoUers,"  by  Mr.  F.  J. 
Bowan, 

Visits  were  paid  to  the  following  works  during  the  Session  :— 
The  North  British  Locomotive  Works,  Springbum, 
Messrs.  D.  Bowan  &  Co.'s  Engine  Works,  Glasgow. 
Messrs.  A.  Bodger  &  Co.'s  Engine  Works,  Govan. 
Messrs.  The  Glasgow  District  Subway  Co.,  Ltd.,  Glasgow. 
The  Glasgow  Corporation  Tramways  Power  Station. 
The  Fairfield  Shipbuilding  and  Engineering  Works,  Govan. 
Messrs.  Penman  &  Co.'s  Boiler  Works,  Glasgow. 
Messrs.  Stewart  &  Lloyd's  Tube  Works,  Eutherglen. 
The  Glasgow  Corporation  Sewage  Works,  Dalmuir. 
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The  Council  takes  this  opportunity,  while  impressing  upon  ttie 
Students  the  great  advantages  which  these  visits  to  works  offer,  of 
thanking  the  Principals  and  Managers  of  the  works  visited  during 
the  Session,  for  the  courtesies  and  kindnesses  extended  to  the 

Students. 

Improved  Accommodation. 

The  Council  has  completed  a  provisional  agreement  with  the 
Council  of  the  Eoyal  Philosophical  Society  for  the  sale  to  that 
Society  of  the  Institution's  half  share  in  the  buildings  at  207 
Bath  Street,  and  this  agreement  will  be  submitted  for  approval  of 
the  Members  at  an  early  meeting.  The  Committee  on  Improved 
Accommodation  has  inspected  several  sites  available  for  new 
buildings,  and  has  had  under  consideration  the  extent  of  accom- 
modation to  be  provided. 

Board  op  Governors  of  the  Glasgow  and  West  of 
Scotland  Technical  College, 

Mr.  Andrew  S.  Biggart  was  appointed  to  represent  the  Institu- 
tion on  the  Board  of  Governors  of  this  College  in  succession  to 
Mr.  James  Weir, 

The  College  continues  to  maintain  its  high  position  both  in 
regard  to  the  standard  of  the  work  done  and  to  the  number  of 
students.  During  the  session  just  closed  the  day  students  num- 
bered 530,  and  the  evening  students,  4,490;  making  a  total  of 
5,020  individuals.  The  total  number  of  class  enrolments  was 
9,084,  and  the  total  number  of  *' student-hours"  was  406,221. 
All  these  figures  show  a  substantial  increase  on  the  numbers  of  the 
previous  session. 

The  energies  of  the  Governors  were  successfully  directed  to- 
wards the  completion  of  the  first  section  of  the  new  buildings  in 
time  for  the  opening  of  the  Session  1905-1906.  The  work  of  the 
College  is  now  carried  on  in  the  new  buildings,  but  the  oeremonial 
opening  will  not  take  place  until  a  later  period  in  the  sessioa. 

Two  important  changes  were  made  in  the  engineering  staff. 
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IX^rofessor  W.  H.  Watkinson  was  elected  to  the  HarriBon  Chair 

of  Engineering  in  the  Uniyersity  of  Liverpool,  and  on  the  tinani- 

xnous  recommendation   of  the  Committee  on  Engineering,  Dr. 

^.  L.  Mellanby,  of  the  Manchester  School  of  Technology,  was 

a>ppointed  his  successor.      The  development  of  the  Department 

of  Civil   Engineering  called  for  the   strengthening  of  the   staff 

in  this  section  of  the  College  work,  and  Mr.  G.  Moncm*,  B.Sc, 

of  the  Great  North  of  Scotland  Railway  Company,  was  appointed 

lecturer  in  Civil  Engineering. 

Board  op  Governors  of  The  Glasgow  School  of  Art. 

The  Institution  was  represented  on  this  Board  by  Mr  James 
Mollison. 

The  Glasgow  School  of  Art  has  made  considerable  progress 
during  the  past  Session.  Since  the  school  came  directly  under 
the  Scotch  Education  Department  the  Governors  have  re-organised 
certain  sections  of  the  work,  two  of  which  have  been  specially 
dealt  with,  viz,,  those  of  Architecture,  and  of  Design  and  Decora- 
tive Art,  In  both  of  these  sections  professors  have  been  appointed 
to  take  charge,  and  recently  a  conference  between  representatives 
from  the  Glasgow  and  West  of  Scotland  Technical  College  and  the 
Glasgow  School  of  Art  was  held,  when  measures  were  adopted  for 
•co-ordinating  the  teaching  of  Architecture  in  the  two  Institutions. 
The  establishment  of  such  a  course  of  study  in  Architecture  meets 
a  long-felt  want,  and  will  no  doubt  be  taken  advantage  of. 

During  the  Session  37  students  received  appointments  as 
designers,  teachers,  &c. 

By  kind  permission  of  the  Principal  of  the  Glasgow  University, 
a  course  of  lectures  was  given  at  the  University  by  Professor  John 
Cleland,  M.D.,  F.RS,,  to  students  of  the  School  of  Art,  the  subject 
being  "Facial  Expression."  A  lecture,  delivered  by  Professor 
G.  Baldwin  Brown,  M.A.,  Edinburgh,  on  '*  The  Frescoes  of  the 
Sistine  Chapel,"  was  also  much  appreciated. 

Considering  the  large  number  of  students  now  receiving  instruc- 
tion,   the   necessity   for  increased  accommodation   is   receiving 
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oonsideration   by  the  Governors;    and    as   the   school  is    no^' 

recognised  as  an  essential  part  of  the  educational  life  of  Glasgow 

and  the  West  of  Scotland,  they  have  every  confidence  that  Uieir 

efforts  will  receive  the  assistance  and  support  of  the  conunuoity 

generally. 
Among    the    ordinary  students   attending  the  school    are :  — 

Teachers,    designers,    draughtsmen,    architects,    glass    stainers,. 

house   painters,    china  painters,    stone    carvers,    wood    carvers, 

modellers,    cabinetmakers,     engravers,    blacksmiths,     engineers^ 

accountants,  and  clerks. 

Board   op  Trade   Consultative   Committee. 

The  Institution  was  represented  on  the  Board  of  Trade  Con- 
sultative Committee  by  Mr,  John  Duncan,  Mr.  E,  Hall-Brown, 
Mr,  James  Hamilton,  and  Mr.  George  McFarlane. 

During  the  year  Mr,  Hamilton  resigned,  and  Mr.  Fred,  Lobnitz 
was  appointed  by  the  Council,  to  the  Committee,  in  his  stead. 

Four  meetings  were  held  during  the  year,  on  18th  October,  1904,, 
7th  February,  18th  April,  and  4  th  July,  1905,  respectively. 

The  Engineering  and  Shipbuilding  firms  throughout  the  country 
submitted  a  number  of  matters  to  the  Committee  which  were  dis- 
cussed and  adjusted ;  and  a  number  of  important  points  are  stiU 
under  consideration. 

Lloyd's  Technical  Comi^iittee. 

The  Institution  was  represented  on  the  Technical  Committee  of 
Lloyd's  Register  of  British  and  Foreign  Shipping  by  Mr  Sinclair 
Couper,  Mr  John  Inglis,  LL.D.,  Mr  Bichard  Bam^e,  and  Mr 
James  Bowan. 

The  usual  and  statutory  meetings  of  the  Committee  were  held 
in  London  during  the  months  of  November  and  March,  at  which 
the  following  matters  were  dealt  with  : — 

The  height  of  tank  side  brackets. 

The  diameter  of  rivets  for  use  in  thin  plating  of  yachts. 

Bulkhead  liners. 
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Deck  stops  for  rudders. 

Bequirements  for  awning  deck  vessels,  poops,  bridges,  fore- 
castles, and  deckhouses. 

Amendments  in  the  rules  regarding  refrigerating  appliances 
on  board  ship  and  the  electric  Ughting  of  vessels. 

The  proposed  alterations  in  the  rules  on  these  subjects,  as 
skrpproved  by  the  Technical  Committee,  were  adopted  by  the 
G-eneral  Committee. 

Finance. 

The  surplus  revenue  for  the  session  ending  dOth  September, 
1905,  as  shown  by  the  Treasurer's  Statement,  appended  hereto,  is 
£756  16s.  Od.  The  amount  appearing  at  the  credit  of  current 
Account  in  the  bank  has  since  been  transferred  to  deposit  receipt. 
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TRE  AS  TJ  RER'S 
INCOME  AND  EXPENDITURE    ACCOUNT 

GE  N  BB  AL 


ORDINARY  INCOME. 

I.  Annual  Subscriptions  received^ 

Members. ^173»  10  0 

Associate  Membew,       ...        ^S^  X  n 

Associates,           -.         ..         1^6  0  0 

Students,              88  0  0 


II,  Arrears  of  SuhscripHons  recovered,  less  esipenses, 
III.  Sales  of  Transcuitionst     ... 


IV.  Interests  and  jRents— 

Interest  on  Cly  deTrost  Mortgages, 


£37  16    4 


9  18  10 
8  12    7 


lees  tax, 
Interest  on  Deposit  Receipts,  less 

Income  Tax, 
Interest  on  Glasgow  Corporation 

Loan, 

West  of  Scotland  Iron  and  Steel 

Institute,  for  use  of  Library,     20    0    0 
Students,  Institution  C.E.,  for  use 

of  library,  10    0    0 


EXTRAORDINARY   INCOME. 
Surplus  on  Smokinfr  Concert,  ...    £3  10  11 

Surplus  on  James  Watt  Dinner,  ...      0    8    9 


1904-1905. 


£2056  10    0 
70  14    4 

5  15    6 


81    7    9 


3  19    8 


£2218  7    3 


Z9aS'1904^ 


£gOSo  10    0 
48     S    € 

SI    S    5 


60  14    7 


££176    1    4 


TRBASUSES'S  STATEMENT 
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S  T  ATEMENT. 

FOR  YEAR  ENDING  SOth  SEPTEMBER,  1905. 

FUND. 


ORDINARY  EXPENDITURE. 

1904.1905. 

100S'190j^ 

I.    General  Expm^— 

Secretary'8  Salary ^400    0    0 

Clerk's  Salary,          ....           .-72    0    0 
Institution's  proporhon  of  net  coat           . 
of  maintenance  of  Bnilding8,etc,149  10    1 

Library  Books,            ...            ••     w    4    7 
Binding  Periodicals  and  Papers,    12    8    1 
Stationery  and  Postages,  etc..       ^  ^?    2 
Office  Expenses,         ...           -     ^    i    A 

Advertising,  Insurance,  etc 6    «    '-^ 

Travelling  Expenses, ...           ...      7  12    8 

Expenses  of  Students'  Opening       ^    ^  ,^ 
Meeting,              6    «  1^ 

£789  7    10 
644  19    5 

£7S4  11    ^ 

n.  *' TroMOctims'' Expenses— 

Printing  and  Binding,                 £419    4    1 

Lithography,               103  11    8 

Postages,      ?2  ^?    5 

Reporting, 18    6    0 

Delivery  of  Annual  Volnm 23    6    0 

B91  IS  It 

EXTRAORDINARY  EXPENDITURE. 

Fee  for  Valuation  of  Buildings,          ...£4    4    0 
Safe,  Stand,  Boxes,  etc.,       23    0    0 

• 
27    4    0 

18    9    Q 

Swplus  carried  to  Balance  Sheet,      

766  16    0 

796  IS    8 

£2218    7    3 

£9176    1    4 
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BALANCE   SHEET,   AS  AT 


LIABILITIES. 

(.  General  Capital  Ac- 
count— 
At  at  Jst  Oct.,  1904,       ...        ^^5560  18    6 

Entry  money, 56    0    0 

Sarplos   from   Re- 
venne,         756  16    0 


II.  Life  Membert^ 

Subscriptions,    ... 

III.  Sundry  Creditors, 

IV.  Subscriptions  paid  in  culvance, 

V.  Medal  Funds^ 

Marine  Engineering- 
Balance   as    at 

iBt  Oct,  1904,  £582  9  6 
Interest  received 
daring  year, 
£17 198  2d,  leas 
Premium  of 
Books,  £5  Ob  6d, 

12  18    8 


EaUujay  Engineering-- 
Balance    as    at 

1st  Oct,  1904,    £367    6    1 
Interest  received 

daring  year,         11    4    6 


£595    8    2 


Student^'^ 

Balance    as    at 
Ist Oct,  1901.      £22    9    3 

Cost  of   meda) 
and     books, 
£4  Is  9d  ;  ^eM 
interest     re- 
ceived daring 
year,  138  9d,  3    8    0 


378  10    7 


As  at  SOth 

Sept, 
1905. 


As  €U  30th 
1904. 


£6373    9    5 


200    0    0 


12  16    8 


60    0    0 


£SS60  13    5 


ISO     0    0 


0  10    0 


€5    5    0 


19    1    3 


993    0    0 
£7639    6    1 


97t    410 
J6674S  13  S 


IZ] 


TREASURER'S  STATEMENT 

30rH   SEPTEMBEE,  1905. 
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ASSETS. 

I.  Heritable  Proverty-- 

Total  Cost,  £7094  16    2 

Of  which  one-half  belongs  to  the 
Institution, 


II.  Furniture  and  Fittings — 
Valaed  at,  say 

III.  Books  in  Library — 

Valued  at,  say 

IV.  Investments — 

Clyde  Trust  Mortgages, 
Glasgow  Corporation  Loan, 


£1200    0    0 
lOuO    0    0 


V.   Medal  Funds  Investments— 

Clyde  Trust  Mortgage,  £903    0    0 

On  Deposit  Receipt,  ...       46    9    5 

iVbr«.— Balance  of  £43  10s  7d  since 
lodged  on  DeiHwit  Receipt. 

VI.   Arrears  of  Subscriptions-^ 
Session  1904.1905— 

Members,         £154    0  0 

Associate  Members,    ...  11    0  0 

Associates,        4  10  0 

Stndentu,          16    0  0 


As  at 
30th  Sept., 
.     1905. 


£3547    8    1 


65  10    0 


500    0    0 


2200    0    0 


949    9    5 


Previous  sessions^ 
Members, 
Associates, 
Students, 


£185  10    0 


£105  10  0 
2  0  0 
12    0    0 


Totals 

Valued  at,  say 
VII.  Sundry  Debtors— 


-  119  10    0 
£305    0    0 


VUI.  Cash^ 

In  Bank,  on  Deposit  Receipt  £162  16    1 

Do.       on  Current  Account,    148    2    8 

In  Secretary's  hands,  ...      14    0  10 


As  at 

SOih  Sept. 

2004. 


£3647    8    1 


65   10    0 


500    0    0 


1400    0    0 


949    5    g 


60     0 
1  19 


324  19    7 


£76.39    6    1 


60    0    0 
1$  12    8 


S$S  17    4 


£6748  IS    S 


Glasgow,  17th  October,  iP(?^>— Audited  and  certified  correct. 

David  Black,  C.A«,  Auditor. 
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REPORT   OF  THE   LIBRARY   COMMITTEE. 


X>xxEaNa  the  session  jnst  closed  the  additions  to  the  Library  include 
3d  Yolumes,  6  pamphlets,  and  56  Board  of  Trade  Reports  on  boiler 
a>nd  steam-pipe  explosions,  by  donation;  53  volumes  by  purchase ; 
sknd  158  volumes  received  in  exchange  for  the  Proceedings  pf  the 
Xnstitution.  Of  the  periodical  publications  received  in  exchange, 
.a^nd  which  lie  on  the  tables  in  the  reading-room,  25  were  weekly 
ckTid  22  monthly.     One  hundred  and  four  volumes  were  bound. 

The  Institution  possesses  a  complete  set  of  the  Abridgments  of 
"Specifications  of  Patents  dating  from  1617,  which  is  available  for 
xeference  purposes  in  the  Library. 

The  Committee  wishes  to  express  thanks  for  the  following 
donations  to  the  Library: — 

Donations  to  the  Libbaby. 

Acworth,  W.  M.,  Elements  of  Railway  Economics.     1904.    From 

the  Publisher. 
Alexander,   T.,   and   Thomson,   A.   W.      Twenty-six   Graduated 

Exercises  in  Graphic  Statics,  with  an  Essay  on  Graphical 

Statics,  1905.    From  the  Authors. 
Bates,  L.  W.     Project  for  the  Panama  Canal,  with  General  Plans 

and  Profiles,  1905.     Pamphlet.     From  the  Author. 
Bums,  David.     Anthracitation  of  Coal.    Pamphlet.     1904. 

ETigineering  Standards  Committee  PvhUcatiom — From  the  Committee. 

Beams.     Standard  Sections  of  Beams. 

Boilers.     British  Standard  Specification  for  Structural  Steel  for 

Marine  Boilers. 
British  Standard  Tables  for  Copper  Conductors  and  Thicknesses 

of  Dielectric. 
British  Standard  Screw  Threads.     1905. 
British  Standard  Pipe  Threads  for  Iron  or  Steel  Pipes  and  Tubes. 

1905. 

30 
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British  Standard   Specifioation  and  Seotions  of    Flat-Bottomed 
Railway  Rails.     Folio.     1905,  and 

British-  Standard    Specification    for    Tubular    Tramway     Poles. 

British  Standard  Sections.     Angle  Bars,  etc. 

Cement.     British  Standard  Specification  for  Portland  Cement. 

Electricity.     British  Standards  for  Electrical  Machinery. 

Forms  of  Standard  Test  Pieces. 

Pipe  Flanges.    British  Standard  Tables  of  Pipe  Flanges. 

Properties  of  British  Standard  Sections. 

Railway  Rails.      British  Standard  Specification  and  Sections  of 
Bull  Headed  Railway  Rails. 

Report  on  the  Influence  of  Gauge  Length  and  Section  of  Test 
Bar  on  the  Percentage  of  Elongation.  By  Professor  W.  C. 
Unwin. 

Report  on  Temperature  Experiments  on  Field  Coils  of  Electrical 
Machines.     Folio.     1905. 

Shipbuilding.     British  Standard  Specification  for  Structural  Steel 
for  Shipbuilding. 

Tramways.     British  Standard  Specification  and  Sections  of  Tram- 
way Rails  and  Fish  Plates. 

Glasgow  Herald,     Shipbuilding  and  Engineering  Annual  for  1901. 

From  the  Proprietors. 
Haldane,  J.  W.  C.     Life  as  an  Engineer,  its  Hghts,  shades,  and 

prospects.     1905.     From  the  Author. 
Institution  of  Naval  Architects.     Vols.  27,  29-31,  38-45.     1886- 

1903.     From  Mr.  K  M.  Speakman. 
Lindley,  W.  H.,  and  Others.      Gutachten   iiber  die   Abnahme- 
Versuche  vom    Januar,  1900,    an  einer  1000  Kilowatt 
Dampfturbine  und  Alternator,  von  C.  A.  Parsons  and  Co. 
From  Prof.  A.  Jamieson.     Pamphlet, 
Mann,  John,  Jr.       Cost  Records,  or  Factory  Accounting,  Pam- 
phlet.    1903. 
Mann,  John,  Jr.     "  Oncost,"  or  Expenses.     Pamphlet.     1904. 
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Neilson,  E.  M.     Comparison  of  Different  Types  of  Steam  Turbine. 

Pamphlet.     1905.     From  the  Author. 
Sooiety  of  Accountants'  Year-Book,  1904-6. 

Books  added  to  the  Libbabt  by  Purchase. 

Attwood,  Edward  L.  War  Ships :  a  Text-Book  on  the  Construc- 
tion, Protection,  Stability,  Turning,  &c.,  of  War  Vessels, 
1904. 
Barnett,  S.  J.  Elements  of  Electromagnetic  Theory.  1903. 
Bauer,  G.  Marine  Engineers  and  Boilers,  their  Design  and  Con- 
struction. Edited  by  L.  S.  Robertson.  2nd  edition, 
1905. 

Bell,  Louis.     Art  of  Illumination.     1903. 

Brassey's  Naval  Annual  for  1905. 

Camp,  W.  M,     Notes  on  Track  ;  Construction  and  Maintenance. 
2nd  edition  ;  Chicago,  1904. 

Carnegie,  Andrew.    James  Watt,     Edinburgh. 

Hammer,  W.  J.     Radium  and  Other  Active  Substances.     1903. 

Hobart,  Henry  M.  Electric  Motors,  Continuous-Current  Motors, 
and  Induction  Motors:  their  Theory  and  Construction, 
1904. 

Homer,  Joseph.  Elementary  Treatise  on  Hoisting  Machinery, 
including  the  Elements  of  Crane  Construction.     1903. 

Hutton,  Frederick.  R.  The  Gas  Engine:  a  Treatise  on  the 
Internal  Combustion  Engine  Using  Gas,  &c.     1903. 

Jamieson,  Andrew.  Text-Book  on  Steam  and  Steam  Engines, 
including  Turbines  and  Boilers.     14th  edition.     1904. 

Krause,  Rudolf.  Starters  and  Regulators  for  Electric  Motors  and 
Generators :  Theory,  Construction,  and  Connection.  Trans- 
lated by  C.  Kinzbrunner  and  N.  West.     1904. 

Leaning,  J.  Quantity  Surveying,  for  Surveyors,  Architects, 
Engineers,  and  Builders.     5th  edition.     1904. 

Lovett,  W.  J.  A  Complete  Class  Book  of  Naval  Architecture. 
1905. 

Maclean,  Magnus,  Ed.    Modem  Electric  Practice.    6  Vols. 
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Marsh,  Charles  F.    Beinforced  Concrete.     1904. 

Official  Year-Book  of  the  Scientific  and  Learned  Societies  of  Grea^ 

Britain  and  Ireland,  1903-4. 
Owen,  H.     Aids  to  Stability :  a  Practical  Guide  to  the  Greneral 

Principles  of  Shipbuilding.     New  edition.     1904. 
Parsons,  H.  de  B.      Steam  Boilers:    their  Theory  and    Design. 

1903. 
Peabody,  Cecil  H,     Naval  Architecture.    New  York.     1904. 
Poppleworth,  W.  C.     Prevention  of  Smoke  with  the  Economical 

Combustion  of  Fuel.     1901. 
Putsch,   Albert.       Gas  and  Coal  Dust  Firing.      Translated    by 

Charles  Salter.     1901. 
Bansome,  Stafford.     The  Engineer  in  South  Africa.     1903. 
Bobinson,  Henry.     Hydraulic  Power  and  Hydraulic  Machinery. 

3rd  edition.     1904. 
Bowan,  F.  J.      Practical  Physics  of  the  Modem  St«am  Boiler. 

1903, 
St.  Louis   International  Engineering  Congress,   1905,  Transac- 
tions.    6  Vols. 
Seaton,  A.  E.      Manual  of  Marine  Engineering.     15th  edition. 

1904. 
Sewall,    Charles    Henry,       Wireless    Telegraphy;    its    Origins, 

Development,  Inventions,  and  Apparatus.     1993. 
Sexton,  A.  H.    Producer  Gas.    Manchester. 
Simpson,  George.     The  Naval  Constructor:   a  Vade  Mecum  of 

Ship  Design  for  Students,  &c.     New  York,  1904. 
Soddy,  Frederick.     Badio- Activity  :  an  Elementary  Treatise  from 

the  Standpoint  of  the  Disintegrating  Theory.     1904. 
Stodola,  A.     Steam  Turbines,  with  an  Appendix  on  Gas  Turbines, 

and  the  Future  of  Heat  Engines.    2Dd  edition.     19C5. 

Two  copies. 
Stone,  Herbert.    Timbers  of  Commerce  and  their  Identification, 

1904. 
Story,  Alfred  T.    The  Story  of  Wireless  Telegraphy.     12mo. 
Thomson,  J.  J.    Conduction  of  Electricity  through  Gases.     1903. 
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XJn^win,  W.  C.    Testing  of  Materials  of  Construction.   2nd  edition. 

1899. 
^^T'ebb,  Walter  L.    Railroad  Construction.     2nd  edition.     1903. 
'Wellington,  A,  M.      Economic  Theory  of  the  Location  of  Rail- 
ways.    6th  edition.     1903. 
T^VTieeler,  G.  U.    Friction  and  its  Reduction.     1903. 
^Williamson,  James.    The  Gyde  Passenger  Steamer:  its  Rise  and 

Progress  during  the  Nineteenth  Century.     1904. 
^Woodworth,  Joseph  V.    Hardening,  Tempering,  Annealing,  and 
Forging  of  Steel.     1903. 

The  Institution  Exchanges  Tbansactions  with  the  Follow- 
ing Societies,  &c.  : — 

Aberdeen  Association  of  Civil  Engineers,  Aberdeen. 

American  Institute  of  Electrical  Engineers,  New  York. 

American  Institute  of  Mining  Engineers,  New  York. 

American  Philosophical  Society,  Philadelphia. 

American  Society  of  Civil  Engineers,  New  York. 

American  Society  of  Mechanical  Engineers,  New  York. 

Association  des  Ing^nieurs  sortis  des  flcoles  Sp^ciaKs  de  Gand» 
Belgium. 

Association  Technique  Maritime,  Paris. 

Bristol  Naturalists'  Society,  Bristol. 

British  Association  for  the  Advancement  of  Science,  London . 

Bureau  of  Steam  Engineering,  Navy  Department,  Washington. 

Canadian  Institute,  Toronto. 

Canadian  Society  of  Civil  Engineers,  Montreal. 

CoUegio  degli  Ingegneri  e  Architetti  in  Palermo,  Palermo. 

Ecole  Polytechnic,  Paris. 

Edinburgh  Architectural  Association,  Edinburgh. 

Electric  Club,  Pittsburgh. 

Engineering  Association  of  New  South  Wales,  Sydney. 

Engineering  Society  of  the  School  of  Practical  Science,  Toronto. 

Franklin  Institute,  Philadelphia. 

Geological  Survey  of  Canada,  Ottowa. 
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Hull  and  District  Institution  of  Engineers  and  Naval  Archite<5t», 

Hull. 
Institute  of  Marine  Engineers,  London. 
Institution  of  Civil  Engineers,  London. 
Institution  of  Civil  Engineers  of  Ireland,  Dublin. 
Institution  of  Electrical  Engineers,  London. 
Institution  of  Junior  Engineers,  London. 
Institution  of  Mechanical  Engineers,  London. 
Institution  of  Naval  Architects,  Japan. 
Institution  of  Naval  Architects,  London 
Iron  and  Steel  Institute,  London. 

Literary  and  Philosophical  Society  of  Manchester,  Manchester. 
Liverpool  Engineering  Society,  Liverpool. 
Lloyd's  Register  of  British  and  Foreign  Shipping,  London. 
Magyar  M^rnok  es  ^l^pitesz-Egylet,  Budapest. 
Manchester  Association  of  Engineers,  Manchester. 
Midland  Institute  of  Mining,   Civil,   and  Mechanical    Engineers 

Bamsley. 
Mining  Institute  of  Scotland,  Hamilton. 
North* East    Coast    Institution    of    Engineers    and    Shipbuilders, 

Newcastle-on-Tyne. 
North  of  England  Institute  of  Mining  and  Mechanical  Engineers^ 

Newcastle-on-Tyne. 
Nova  Scotian  Institute  of  Science,  Halifax,  N.S. 
Osterreichischen  Ingenieur  und  Architekten-Verein,  Wien. 
Patent  Office,  London. 
Eoyal  Dublin  Society,  Dublin. 
Boyal  Philosophical  Society,  Glasgow. 
Eoyal  Scottish  Society  of  Arts,  Edinburgh. 
Sanitary  Institute  of  Great  Britain,  London. 
Schiffbautechnischen  G^sellschaft,  Berlin. 
Scientific  Library,  U.S.  Patent  Office,  Washington. 
Shipmasters'  Society,  London. 
Smithsonian  Institution,  Washington. 
Soci^t^  d'Encouragement  pour  Flndustrie  Nationale,  Paris. 
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Soci^t^  des  Ing^nieurs  Civils  de  France,  Paris. 

Soci^t^  des  Sciences  Physiques  et  Naturelles  de  Bordeaux,  Bordeaux. 

Soci6t^  Industrielle  de  Mulhouse,  Mulhouse. 

Society  of  Arts,  London. 

Society  of  Arts,  Massachusetts  Institute  of  Technology,  Boston. 

Society  of  Engineers,  London. 

Society  of  Naval  Architects  and  Marine  Engineers,  New  York. 

South  Wales  Institute  of  Engineers,  Cardiff. 

Technical  Society  of  the  Pacific  Coast,  San  Francisco. 

University  of  Texas  Mineral  Survey,  Austin. 

West  of  Scotland  Iron  and  Steel  Institute,  Glasgow. 

Western  Society  of  Engineers,  Chicago. 

Publications  Begbived  Periodically  in  Exchange  for 
Institution  Transactions  : — 

fFeekly. 
American  Machinist. 

American  Manufacturer  and  Iron  World. 

Automobile  Club  Journal. 

Automotor  Journal. 

Colliery  Guardian. 

Contract  Journal. 

Electrical  Eeview. 

Engineer. 

Engineering. 

Engineering  Becord. 

Engineering  Times. 

Indian  Engineering. 

Iron  Age. 

Iron  and  Coal  Trades'  Eeview. 

Iron  and  Steel  Trades'  Journal. 

Ironmonger. 

L'Industria :  Bivista  Tecnica  ed  Economica. 

Mechanical  Engineer. 

Mechanical  World. 
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Nature. 

Nautical  Gkizette. 

Practical  Engineer. 

Revue  Industrielle. 

Railway  Gazette. 

Shipping  World. 

Stahl  und  Eisen. 

Transport. 

Monthly. 
Cassier's  Magazine. 

Cold  Storage  and  Ice  Trades  Review. 

Electrical  Magazine. 

Engineering  Magazine. 

Engineering  Press  Monthly  Index. 

Engineering  Review. 

Light  Railway  and  Tramway  Journal. 

Machinery. 

Machinery  Market. 

Marine  Engineer. 

Marine  Engineering. 

Mariner. 

Mines  and  Minerals. 

Page's  Magazine. 

Petroleum  World. 

Portefeuille  Economique  des  Machines 

Science  Abstracts. 

Steamship. 

Technics. 

The  Indian  and  Eastern  Engineer. 

Tramway  and  Railway  World. 


The  Library  doses  for  the  Summer  Holidays  from  the  11  tb 
July  till  31st  July  inclusive. 

Except  during  holidays  and  Saturdays,  the  Library  is  open  each 
lawful  day  from  1st  May  till  30th  September  inclusive,  from  9.30 
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A.IIC.  till  5  P.M.    On  Saturdays  the  Library  is  open  from  9.30  A.M. 
till  1  P.M. 

On  the  Ist  October  and  thereafter  throughout  the  Winter  Session^ 
tlie  Library  is  open  each  lawful  day  from  9.30  A.M.  till  10  P.M., 
eicfsept  on  Saturdays,  when  it  is  open  from  9.30  a.m.  till  2  p.m. 

Members  have  the  privilege  of  consulting  the  Books  in  the 
Library  of  the  Royal  Philosophical  Society. 

The  use  of  the  Library  and  Reading  Room  is  open  to  Members, 
Associate  Members,  Associates,  and  Students. 

The  Portrait  Album  lies  in  the  Library  for  the  reception  of 
Members'  Portraits.  Members  are  requested  when  forwarding 
Portraits  to  attach  their  Signatures  to  the  bottom  of  Carte. 

The  Library  Committee  is  desirous  of  calling  the  attention  of 
Readers  to  the  "  Recommendation  Book,"  where  entries  can  be  made 
of  titles  of  books  suggested  as  suitable  for  addition  to  the  Library. 

A  List  of  the  Papers  read  and  Authors'  Names,  from  the  First 
to  the  Thirty -Third  Sessions,  will  be  found  in  Vol.  XXXIIL  of  the 
Transactions. 

As  arranged  by  the  Council,  a  Register  Book  for  Students 
lies  in  the  Library  for  the  inspection  of  Members,  the  object  being  to 
assist  Students  of  the  Institution  in  finding  suitable  appointments. 

E,  Hall-Brown, 
Hon.  Librarian  and  Convener. 


Annual  Subscriptions  are  due  at  the  commencement  of  each 
Session :  viz. : — 

Members,  £2;  Associate  Members,  £1;  Associates,  £1  10s; 
Students,  10s;   Lieu  Members,  £25;  Life  Associates,  £20. 
Membership  Application  Forms  can  be  had  from  the  Secretary  or 
from  the  ISub-Librariany  at  the  Booms,  207  Bath  Street. 

The  Council,  being  desirons  of  rendering  the  transactions  of 
the  Institution  as  complete  as  possible,    earnestly    request    the 
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cooperation  of  Members  in  the  preparing  of  Papers  for  reading 
and  discussion  at  the  General  Meetings. 

Early  notice  of  such  papers  should  be  sent  to  the  Secretary,  so 
that  the  dates  of  reading  may  be  arranged. 

Copies  of  the  reprint  of  Vol.  7  containing  a  paper  on  "  The  Loch 
Katrine  Water  Works,"  by  Mr  J.  M.  Gale,  C.E.,  may  be  had  from 
the  Secretary ;  price  to  Members,  7/6. 

Members  of  this  Institution,  who  may  be  temporarily  resident 
in  Edinburgh,  will,  on  application  to  the  Secretary  of  the  Royal 
Scottish  Society  of  Arts,  at  his  office,  117  George  Street,  be 
furnished  with  billets  for  attending  the  meetings  of  that  Society - 

The  Meetings  of  the  Royal  Scottish  Society  of  Arts  are  held 
on  the  2nd  and  4th  Mondays  of  each  month,  from  November 
till  April,  with  the  exception  of  the  4th  Monday  of  December, 
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Honorary  Member, 

Sir  DiGBY  MuKBAY,  Bart.,  was  bom  on  Slst  October,  1829. 
He  was  the  eldest  son  of  the  tenth  Baronet  of  Blackbarony, 
T^eeblesshire,  and  succeeded  to  the  title  on  his  father's  death 
in  1881.  Sir  Digby  was  educated  for  the  Koyal  Navy,  and  com- 
manded numerous  merchant  ships,  being  the  pioneer  of  the 
famous  White  Star  Line  of  steamships,  of  the  first  six  ships  of 
-which  he  was  successively  commander.  From  1873  till  1896  he 
i^as  a  professional  member  of  the  Marine  Department  of  the 
Board  of  Trade,  and  for  twenty-two  years  was  a  Conservator  of 
t!ie  Thames. 

The  family  descends  from  John  de  Moravia,  who  possessed  the 
lands  of  Blackbarony  in  the  reign  of  Eobert  III.,  his  representa- 
tive at  the  beginning  of  the  sixteenth  century  being  slain  at 
Flodden.  The  latter's  grandson,  John  Murray  of  Blackbarony, 
was  knighted  at  Stirling  in  1593,  and  Sir  John's  own  son  was 
himself  created  a  Baronet  by  Charles  I.,  with  remainder  to  his 
heirs  male  whatsoever. 

Sir  Digby  Murray  was  the  author  of  several  scientific  works, 
including  "Ocean  Currents  and  Atmospheric  Currents,"  and  the 
"ABC.  of  Sumner's  Method."  He  died  at  Hothfield,  Park- 
stone,  Dorsetshire,  on  the  8th  January,  1906. 

Sir  Digby  was  elected  an  Honorary  Member  of  the  Institu- 
tion in  1891. 


Members. 

Jambs  Anderson,  who  died  on  25th  September,  1905,  was  bom 
4bt  Bonhard,  Scone,  in  the  year  1845,  and  received  his  education 
in  the  boarding  school  conducted  by  Dr.  Browning  at  Peebles. 
In  1863  he  went  to  Glasgow,  and  served  his  apprenticeship  as  an 
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engineer  in  the  works  of  Messrs  Bandolph,  Elder  &  Co.  In  1869 
he  entered  the  service  of  Messrs  G.  &  A.  Harvey,  Glasgow,  and 
left  that  firm  in  1870  to  become  manager  to  Messrs  Wm«  Xtobert- 
son  &  Co.,  Clyde  Street  Engine  Works,  Glasgow.  In  1871  he 
became  a  partner  in  the  firm  of  Messrs  Lees,  Anderson  &  Mnir, 
who  had  acquired  the  business  of  Messrs  W.  M.  Robertson  &  C3o. 
Three  years  later  the  firm  became  Messrs  Lees,  Anderson  &  C3o.r 
and  after  the  demise  of  Mr  Bobert  Lees,  in  1884,  Mr  Anderson 
became  sole  partner  of  the  firm. 

Mr  Anderson  joined  the  Institution  as  a  Graduate  in  1874,  and 
became  a  Member  in  1880. 


James  MacLellan  Blaih  was  bom  at  Glasgow  in  1839,  and 
received  his  education  at  the  Glasgow  High  School.  After  serving- 
an  apprenticeship  in  his  uncle's  firm,  Messrs  P.  &  W.  MacLellan, 
Clutha  Iron  Works,  Glasgow,  he  supervised  the  carrying  out  of 
several  important  engineering  contracts.  In  1865  he  established 
the  firm  of  Messrs  Blair  &  Gray,  carr3ring  on  business  at  the 
Clydeside  Iron  Works,  Glasgow,  until  1872,  when  the  partnership 
was  dissolved.  He  then  rejoined  Messrs  P.  &  W.  MacLellan,. 
and  three  years  later  became  a  partner  in  the  firm.  In  1890  the 
firm  was  formed  into  a  limited  liability  company,  when  Mr  Blair 
joined  the  board  of  directors,  and  he  remained  a  director  until  his 
death,  which  occurred  suddenly  in  London  on  the  19th  April,  1906. 

Mr  Blair  was  elected  a  Member  of  the  Institution  in  1867. 


Henry  William  Brock,  who,  died  on  10th  February,  1906, 
in  his  thirty-seventh  year,  was  the  elder  son  of  Mr  Walter  Brock, 
chief  of  the  firms  of  Messrs  Wm.  Denny  &  Brothers,  ship- 
builders, and  Messrs  Denny  &  Company,  engineers,  Dumbarton. 
He  was  bom  in  Glasgow  on  15th  March,  1869,  and  removed 
with  the  family  to  Dumbarton  when  his  father  joined  the  late 
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I>r.    Denny  in  business  thirty-five  years  ago.      He  received  his 

scliooling  at  the  Burgh  Academy,  Dumbarton,  and  Pettes  College, 

Sdxnburgh,   and  early  showed  that  he  had  inherited  no   mean 

t^sblent  for  engineering,  for  which  profession  he  was  designed.     In 

XS86,  the  subject  of  this  memoir  started  his  apprenticeship  with 

Alessrs  Denny  &  Company  in  the  ordinary  way,  going  through  the 

usual  shop  course.     He  then  went  to  France  to  the  works  of  the 

Forges  et  Chantiers,  Havre,  and  added  to  his  technical  knowledge. 

Itfbrom  there  he  went  to  the  east  coast  of  England,  where  he  served 

in  the  Central  Marine  Engineering  works,  gaining  further  practical 

experience.     Thirteen  years  ago  he  returned  to  Dumbarton,  and 

^was  assumed  a  partner  in  the  firm  of  Messrs  Denny  &  Company. 

Pour  years  later  he  also  became  a  partner  in  the  shipyard  firm  of 

Messrs  Denny  &  Brothers.     Into  the  administration  of  the  former 

-concern  he  threw  himself  with  enthusiasm  and  was  charged  with 

the  oversight  of  the  designing  and  technical  sides  of  the  business. 

A   ruling  principle  guiding  his  professional  career  was  a  keen 

appreciation  of  the  importance  of  small  things.      With  infinite 

patience  and  protracted  labour  the  late  Mr  Brock  keenly  investi- 

,gated  the  minutiae  of  his  profession,  and  no  habit  of  mind  could 

be  more  valuable  in  the  study  of  turbine  propulsion,  with  which 

his  name  will  be  honourably  associated. 

When  Mr  Parsons  began  to  demonstrate  the  possibilities  of  his 
steam  turbine  as  a  marine  motor,  Mr  Brock  was  among  the  first 
.attracted  by  the  adaptability  of  the  new  engine — an  engine  fast 
revolutionising  steamship  propulsion.  He  was  among  the  few  on 
board  H.M.S.  "Viper,"  when  with  turbine  engines  she  steamed 
at  the  great  speed  of  37  knots,  and,  several  months  thereafter, 
joined  in  the  syndicate  which  commissioned  Messrs  Denny  & 
Brothers  to  build,  and  Messrs  Parsons  &  Company  to  engine,  the 
Clyde  passenger  vessel  ''  King  Edward,''  the  pioneer  commercial 
turbine  steamer.  A  couple  of  years  later,  Messrs  Denny  &  Com- 
pany secured  turbine  building  rights  from  the  Parsons  Company, 
and  under  Mr  Brock's  direction  built  and  fitted  to  a  ship  the  first 
Bet  of  turbines  constructed  outside  the  inventor's  own  establisb- 
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ment.     The  ship  in  question  was  the  *'  Lunka,''  helonging  to  Uie 
British  India  Steam  Navigation  Company,  and  now  on  service  m 
the  Persian  Gulf.     In  the  application  of  the  turbine   to   marine 
propulsion,  the  deceased  was  specially  honoured.     He  was  selected 
as  one  of  the  experts  on  the  Gunard  Turbine  Commission,   ^v-hich 
was  appointed   to   consider  the   advisability  of    fitting    tarbise 
machinery  into  the  two  25-knot  Atlantic  liners,  which  the  Canard 
Company  agreed  with  the  Government  to  build.     In  the  delibera- 
tions and  practical  work  of  the  Commission  the  late  Mr  Brock  took 
a  large  share.     He  was  responsible  for  the  carrying  out  of  exhans> 
tive  experiments  on  the  *'  Arundel  "  and  "  Brighton,"  two  Dumbar- 
ton-built sister  ships  engaged  in  the  English  Channel  service,  and 
fitted  with  reciprocating  and  turbine  machinery  respectively.     The 
carefully-compiled  results  of  this   investigation   had  conclusive 
effect  on  the  Commission's  decision  to  recommend  the  adoption 
of  turbines.     But,  unfortunately,  while  Mr  Brock  had  the  satis- 
faction of  seeing  the  Cunard  Company  accept  that  recommenda- 
tion, he  was  not  spared  to  see  the  big  liners  accomplish  their  task. 

Public  work  was  a  sphere  of  activity  which  did  not  appeal  to 
the  retiring  disposition  of  the  deceased.  Yet  he  was  ready  to  lend 
his  aid,  and  associate  his  name,  with  all  good  objects.  He  joined 
the  1st  Dumbarton  Eifle  Volunteers  in  the  year  1887,  enlisting  as 
a  private  in  C  (Dumbarton)  Company.  He  was  promoted 
Lieutenant  in  1892,  and  became  Captain  in  1894.  This  latter 
post  he  held  for  two  and  a  half  years,  when  he  retired  from  the 
force. 

Mr  Brock  joined  the  Institution  as  a  Member  in  1895,  and  for 
Sessions  1900-01  and  1901-02  acted  as  a  Member  of  Council 


John  B.  Camebon  was  born  at  Glasgow  in  1844.  At  an  early 
age  he  entered  the  employ  of  Messrs  Barclay,  Curie  &  Co.,  Ltd.,. 
Glasgow,  as  an  apprentice  engineer.  For  many  years  he  led  a 
somewhat  adventurous  life  in  Buenos  Ayres  during  the  various 
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i^volnidons  there.     The  last  twenty-one  years  of  his  life  was  spent 
in  Glasgow  as  a  consulting  engineer.     He  died  on  8th  May,  1906. 
Mr  Cameron  was  elected  a  Member  of  the  Institution  in  1885. 


Walter  Drummond  was  born  at  Inverness  on  24th  May,  1869, 
and  received  his  early  education  at  the  Albany  Academy,  Glasgow, 
after  which  he  studied  at  the  University  of  Glasgow.  In  1884  he 
commenced  an  apprenticeship  at  the  Caledonian  Eailway  Works, 
St.  RoUox,  Glasgow;  on  the  termination  of  which,  in  1890,  he 
was  employed  at  the  locomotive  works  of  the  Western  Eailway  of 
France,  BatignoUes,  Paris.  Eeturning  to  Scotland  he  became 
manager  of  the  Glasgow  Eailway  Engineering  Works  at  Govan, 
and  since  1895  was  managing  director  of  the  company.  When  on 
a  visit  to  Wales  he  contracted  influenza,  and  after-effects  developed, 
necessitating  an  operation  to  which  he  succumbed  on  8th  July,  1905. 

Mr  Drummond  became  a  Member  of  the  Institution  in  1895. 


EoBERT  Mansel  was  bom  at  Glasgow  in  1 828.  Early  in  life  he 
evinced  a  decided  turn  for  mathematics  and  science  which  led  him 
to  attend  the  science  classes  at  the  Old  Mechanics*  Institution, 
and  Anderson's  College.  In  1846  he  proceeded  to  Glasgow  Uni- 
versity, where  he  was  a  distinguished  student  of  Natural  Philosophy 
under  Professor  William  Thomson — now  Lord  Kelvin— in  the  first 
year  of  Professor  Thomson's  appointment  to  that  Chair,  and  was 
chosen  as  his  first  experimental  assistant.  After  completing  his 
engineering  studies  under  Professors  Gordon  and  Macquorn 
Eankine,  Mr  Mansel  entered  the  shipyard  of  Messrs  Eobert 
Napier  &  Sons,  Govan,  where  he  became  a  naval  architect. 

For  more  than  a  dozen  years  Mr  Mansel  was  intimately  con- 
nected with  the  design  and  construction  of  the  various  mercantile 
and  war  vessels  built  by  Messrs  Eobert  Napier  &  Sons,  includ- 


480  OBUXJARY 

ing  the  Atlantic  passenger  liners  ''Persia"  and  "Scotia,"  and  the 
armoured  frigate  "  Black  Prince."  In  1863  Mr  Mansel  joined  Mr 
James  Aitken  in  establishing  at  Whiteinch  the  well-known  ship- 
bnilding  firm  of  Aitken  &  Mansel  which  for  nearly  thirty  years 
built  a  series  of  up-to-date  vessels,  including  blockade  runners 
daring  the  American  Civil  War,  ocean,  cargo,  and  passenger 
steamers,  as  well  as  cross-channel  boats  which  worthily  con- 
tributed to  the  reputation  of  the  Clyde.  Mr  Mansel  was  a 
member  of  the  Scottish  Shipbuilders'  Association  at  the  time  of  its 
incorporation  with  The  Institution  of  Engineers  and  Shipboilders 
in  Scotland  in  1865,  and  he  was  elected  to  the  presidential  chair 
in  1878.  As  testified  by  the  volumes  of  the  proceedings,  he 
contributed  a  number  of  papers  to  the  Institution. 

In  1881,  during  a  strike  in  his  shipbuilding  yard,  he  took  a 
special  interest  in  the  design  and  construction  of  the  first  electric 
drill  and  riveter  invented  by  Mr  Andrew  Jamieson,  for  which  he 
obtained  data  and  made  calculations  of  the  work  required  to  be 
done  imder  difiCerent  conditions. 

Although  Mr  Mansel  was  naturally  of  a  quiet  and  retiring  dis- 
position,  he  took  a  deep  interest  in  educational  questions;  more 
especially  those  relating  to  scientific  and  technical  education.  He 
was  a  Member  of  Council  of  the  College  of  Science  and  Arts  from 
its  commencement  in  1880  until  1887,  when  it  was  amalgamated 
with  Anderson's  College.  He  voluntarily  made,  at  his  own 
expense  and  in  his  works,  quite  a  number  of  substantial  experi> 
mental  models  for  Principal  Jamieson's  engineering  classes, 
and  annually  gave  prizes  to  stimulate  the  students  in  their  studies 
of  the  subjects  in  which  he  was  more  especially  interested. 

During  the  later  years  of  his  life  he  maintained  his  interest  in 
scientific  questions,  and  contributed  a  series  of  articles  to  the 
Engineer  on  his  pet  subject,  viz.,  ''The  Relations  Between  Speed 
and  Power  in  Steamships." 

Mr  Mansel  died  on  Sunday  the  10th  day  of  December,  1905, 
and  was  buried  in  the  churchyard  of  Dunblane  Cathedral. 
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James  M'Ewan,  bom  at  Crieff  in  June,  1880,  served  an 
^apprenticeship  with  Messrs  Campbell  &  Christie,  iron  founders, 
Glasgow.  He  subsequently  became  foreman  of  the  works  con- 
tooiled  by  Messrs  Alston  &  Gourlay,  and  left  to  take  up  an 
appointment  with  Messrs  R.  Laidlaw  cfe  Co.,  Alfiance  Foundry, 
Ola&gow. 

In  1871  he  commenced  business  as  a  founder  on  his  own 
Account  in  London  Eoad,  and  some  ten  years  afterwards  found 
it  necessary  to  remove  to  larger  premises  at  Whiteinch.  He  had 
the  unusual  honour  of  being  twice  elected  deacon  of  the  Incor- 
poration of  Hammermen,  and  demitted  office  for  the  second 
time  only  a  month  or  two  previous  to  his  death,  which  took 
place  at  Glasgow  on  11th  January,  1906. 

Mr  M*Ewan  became  a  Member  of  the  Institution  in  1884. 


John  B.  McHoul  was  born  in  Glasgow  on  the  22nd  November^ 
1871,  and  received  his  education  at  the  Abbotsford  School,  Glasgow. 
Leaving  school,  he  joined  the  service  of  the  Steel  Company  of 
Scotland  as  a  clerk  for  a  stipulated  time,  on  the  expiration  of 
which  he  found  similar  employment  in  the  office  of  the  Palmer 
Shipbuilding  and  Iron  Coy.,  Ltd.,  Jarrow.  In  1892  he  decided  to 
become  an  engineer,  and  returning  to  Glasgow  entered  the  works 
of  Messrs  Copland  &  Co.,  engineers,  Dobbie's  Loan,  Glasgow,  and 
served  his  apprenticeship.  He  gained  further  practical  knowledge 
with  Messrs  A.  &  W.  Smith,  engineers.  Cook  Street,  Glasgow,  and 
then  became  a  draughtsman  with  Messrs  Babcock  &  Wilcox^ 
Ltd.,  engineers,  Renfrew,  and  three  years  ago  he  was  appointed 
their  assistant  works  manager. 

He  died  suddenly  on  26th  July,  1906,  at  Scarborough,  while  on 
holiday. 

Mr  McHoul  joined  the  Institution  as  a  Graduate  in  1899,  and 
became  a  Member  in  1903. 

31 
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George  Paton  was  born  at  his  father's  farm,  CloverhiU,  near 
Bearsden,  Dumbartonshire,  in  1856.  He  was  educated  at  Mary- 
hill  Public  School  and  at  Glasgow  University,  where  he  laid  the 
foundations  of  his  extensive  knowledge  of  engineering.  After 
serving  an  apprenticeship  with  Messrs  Martin  &  Dunlop,  civil  and 
mining  engineers,  Glasgow,  he  accepted  a  post  in  Japan  in  com- 
pany with  Prof.  Alexander,  where  he  remained  five  years.  Be- 
turning  to  Scotland  he  joined  the  staff  of  the  Clyde  Navigation 
Trustees. 

In  May,  1887,  he  was  appointed  to  the  Chair  of  Land  Surveying 
and  Engineering  at  the  Royal  Agricultural  College,  Cirencester, 
which  he  held  continuously  till  his  death.  In  December,  1905,  he 
went  to  St.  Burj'an,  in  Cornwall,  intending  to  pass  a  portion  of 
the  College  vacation,  and  on  January  9th,  1906,  while  residing 
there,  he  was  suddenly  struck  down  by  apoplexy  and  expired 
before  medical  aid  could  be  obtained,  His  body  was  removed  to 
the  family  burying  place  at  Bearsden. 

Professor  Paton  joined  the  Institution  as  a  Member  in  1887. 


Jameb  Henky  Rew  died  at  his  residence,  Ardfern,  Airdrie,  on 
the  19th  June,  1906,  after  a  short  illness.  At  his  death  he  was 
manager  of  the  Imperial  Tube  Works,  Rochsolloch,  belonging  to 
Messrs  Stewarts  &  Lloyds. 

Mr  Rew  was  born  at  Stanley,  Perthshire,  on  27th  June,  1848, 
and  received  his  early  education  at  Whiteinch  Public  School,  his 
father  having  left  Stanley  when  the  subject  of  this  notice  was  five 
years  old. 

Having  early  evinced  a  mechanical  turn  of  mind,  Mr  Rew  was 
apprenticed  to  the  late  firm  of  Messrs  Thomas  Wingate  &  Go.» 
and  after  serving  his  time  was  advanced  rapidly  to  the 
positions  of  foreman  and  draughtsman,  and  shortly  there- 
after he  occupied  similar  positions  in  the  service  of  a  firm  of 
engineers  in  Maryhill.  The  late  Mr  John  Wilson,  -at  one  time 
M.P.  for  Govan,  appointed  him,  in  1876,  principal  foreman  in  hifl 
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Oorbals  works,  and   then  manager  of  his   new  tube   works   at 
Govan,   which  were  designed  and   supervised   during  construc- 
tion   by   Mr  Rew,    who   was   thus   their   original   architect   and 
engineer,  the  duties  of  which  ofl&ces  he  continued  to  exercise  and 
discharge  in  connection  with  all  subsequent  additions  and  recon- 
structions.    These  works,  as  originally  designed,  were  completed 
in  1880,  and  Mr  Rew  conducted  their  management  until  1898.    In 
Jnly  of  that  year  he  was  placed  in  charge  of  the  large  works  then 
being  projected  by  Messrs  A.  <fe  J.  Stewart  &  Menzies,  Limited 
(no'w  Messrs  Stewarts  &  Llyods,   Limited),   and  for   which   an 
extensive  piece  of  ground  had  been  acquired  close  to  Airdrie,     In 
the  planning,  laying-down,  and  equipment  of  these,  the  Imperial 
Tube  Works,  Mr  Rew^  rendered  able  assistance  to  the  present 
chairman  of  Messrs  Stewarts  &  Lloyds,  Limited,  and  his  manage- 
ment of  them  was  satisfactory  and  successful.     Mr  Rew  was  an 
engineer  of  great  and  varied  attainments  and  extraordinary  ability, 
^who  applied  to  the  discharge  of  his  duties  well  trained  mental 
powers  and  resources,  calm  and  mature  judgment,  and  reliable 
experience.     His  employers  respected  him  in  a  high  degree  for  his 
ability,  uprightness,  and  sterling  character,  and  both  employers 
and  workmen,  as  also  a  large  circle  of  friends,  esteemed  him  as 
a   man   of  honour,   whom   it   was  a  delight  and  a  privilege  to 
know. 

Mr  Rew  joined  the  Institution  as  a  Member  in  1896. 


Daniel  S.  Sinclair  was  born  in  Glasgow  on  8th  March,  1859. 
He  was  educated  at  the  Glasgow  Academy,  and  thereafter  served 
an  apprenticeship  with  Messrs  P.  &  W.  McLellan,  Ltd.,  Glasgow, 
and  was  later,  for  a  short  period,  in  the  drawing  office  of  Messrs 
Alley  &  McLellan,  Ltd.,  Glasgow.  During  his  apprenticeship,  and 
afterwards,  he  attended  classes  in  the  Andersonian  OollegCy  and  in  the 
College  of  Science  and  Arts,  where  he  was  a  distinguished  student, 
winning  the  Sir  John  Pender  Gold  Medal  in  Electrical  Engineer- 
ing, and  taking  the  College  Diploma  in  Electrical  Engineering. 
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Subsequent  to  this  he  was,  for  one  session,  assistant  to  Professor 
Andrew  Jamieson  in  the  latter  institution. 

In  188i  he  went  to  Cambridge  as  an  assistant  to  Professor 
J.  J.  Thomson,  in  the  Cavendish  Laboratory.  After  being  there 
two  years  he  returned  to  Glasgow,  and  was  two  years  in  practice 
as  a  consulting  engineer  and  electrician  before  accepting  ar. 
appointment  as  general  manager  of  an  engineering  works  in 
Madras.  He  filled  that  position  for  some  time,  but  finding  the 
climate  too  trying  he  came  home  in  1894,  and  shortly  afterwards 
entered  the  service  of  Messrs  D.  Stewart  &  Co.,  Ltd.,  Londoo 
Boad  Iron  Works,  Glasgow,  with  which  firm  he  remained  till  the 
time  of  his  death,  which  occurred  at  Johannesburg  on  5th  Septem- 
ber, 1905,  where  he  had  gone  to  represent  his  firm  and  superintend 
the  installation  of  a  large  and  important  gas-driven  electric  lightinjj 
and  power  plant  for  the  municipality  of  Johannesburg. 

Mr  Sinclair  was  an  able  business  man  and  a  capable  engineer, 
and  his  sterling  qualities  were  appreciated  by  all  who  knew  him. 

Mr  Sinclair  joined  the  Institution  as  a  Member  in  1901. 


Thomas  Mum  Welsh  was  born  at  Greenock  n  1835,  and 
received  his  early  training  as  an  engineer  with  the  firm  of  Messre 
Scott  &  Sinclair,  Greenock  Foundry,  now  Scott's  Engineering  iv 
Shipbuilding  Co.,  Ltd. 

In  1858  he  left  Greenock  for  West  Hartlepool,  having  been 
appointed  chief  draughtsman  with  Messrs  Thomas  Richardson 
&  Co.,  and  he  remained  there  till  the  summer  of  1863,  when  he 
returned  to  the  Clyde  to  fill  the  position  of  engineering  manager 
with  Messrs  A.  &  J.  Inglis,  Glasgow.  He  became  a  partner  of 
that  firm  in  1888,  and  on  the  conversion  of  the  business  into  a 
limited  liability  company  was  appointed  a  director. 

His  experience  as  an  engineer  was  large  and  varied,  ranging 
from  the  simple  low-pressure  engines  of  his  early  days  through 
practically  every  type  of  paddle  and  screw  engine  to  the  marine 
steam  turbine,  the  construction  of  the  latter  having  been  com- 
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menced  by  his  firm  shortly  before  he  was  laid  aside  by  his  last 
illness. 

He  died  at  Kilmacolm  on  27th  September,  1905,  aged  70. 

Mr  Welsh  joined  the  Institution  as  a  Member  in  1889. 


Henby  Hartley  West  was  bom  at  Salford  on  17th  September, 
1837,  and  received  his  education  at  Kings  wood.  He  was  a  son  of 
the  manse,  his  father,  the  Rev.  F.  A.  West,  once  President  of  the 
^Wesleyan  Conference,  was  a  most  distinguished  and  influential 
minister  of  that  connection,  whose  influence  for  good  was  far- 
reaching  and  lasting. 

Mr  West  commenced  his  professional  career  as  an  apprentice 
to  the  late  Mr  John  Jones,  engineer,  Liverpool,  whose  firm  sub- 
sequently became  known  as  John  Jones  &  Son.     In  1860  he  was 
appointed  resident  engineer  on  the  gunpowder  works  of  Messrs 
John  Hall  &  Son,  of  London  and  Faversham,  and  two  years  later 
he   became   manager  to   Messrs  Pearson,   Dannatt    &    Kriiger, 
engineers  and  shipbuilders,  Hull,  and  occupied  that  position  until 
the  closing  of  their  works  in  1863,  which  was  brought  about  by 
the  purchase  of  their  premises  for  dock  extension.     In  December, 
1863,  he  received  an  appointment  as  a  surveyor  on  the  adminis- 
trative and  technical  stafif  of  the  Underwriters'  Registry  for  Iron 
Vessels,  Liverpool,  in  which  district  he  remained  until  1867,  when 
he  was  promoted  to  be  chief  surveyor  in  Scotland  with  his  head- 
quarters at  Glasgow.      He  discharged  the  duties  of  that  office 
zealously,  successfully,  and  satisfactorily,  and  in  March,  1875, 
he  left  Glasgow  for  Liverpool  to  assume  the  reins  of  office  there 
as  chief  surveyor  for  the  west  and  south  of  England,  including 
London,  being  further  promoted  in  the  following  year  to  be  chief 
surveyor  for  the  United  Kingdom,  an  office  especially  created  at 
that  time.     This  post  he  filled  with  continued  acceptance  and 
credit  until  the  amalgamation  of  the  Underwriters'  Registry  for 
Iron  Vessels  with  Lloyd's  Register  of  British  and  Foreign  Ship- 
ping in  1885. 
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When  this  event  occurred,  Mr  West's  long  and  well  established 
reputation  as  a  professional  adviser  and  expert  in  engineering  and 
shipbuilding  questions,  as  well  as  his  intimate  acquaintance  with 
shipowners  all  over  the  country,  induced  him  to  start  business  in 
Liverpool  as  a  consulting  engineer  and  naval  architect,  and  in 
this  connection  he  was  eminently  successful  also.  He  was  con- 
sulted upon,  and  was  responsible  for  the  distribution  of  material 
and  the  scantling  arrangements  to  provide  the  requisite  strength 
in  some  of  the  largest  steamers  afloat.  His  technical  skill  was 
frequently  requisitioned  in  connection  with  important  engineering 
matters,  and  as  an  arbiter  his  judgments  were  invariably  accepted. 
In  the  question  of  mechanical  road-traction  he  took  a  more  than 
ordinary  interest,  and  at  the  request  of  the  Self-Propelled  Traflic 
As  sociation  he  consented  to  act  as  one  of  the  judges  of  the  road 
trials.  He  was  also  one  of  the  delegates  appointed  to  investig-ate 
and  report  upon  the  advancement  made  in  the  construction  and 
development  of  motor  traction  in  France. 

For  many  years  Mr  West  was  a  member  of  the  -principal 
technical  institutions  in  Britain,  and  was  a  prominent  figure  at 
their  meetings,  as  also  a  frequent  contributor  of  important  papers 
to  their  proceedings.  He  was  also  a  Member  of  Council  of  the 
Institution  of  Naval  Architects,  and  a  Past  President  of  the 
Liverpool  Engineering  Society, 

He  died  at  his  residence,  Hamilton  Square,  Birkenhead,  on 
13th  August,  1906. 

Mr  West  joined  the  Institution  as  a  Member  in  1868. 


Alexander  Wylik  was  bom  at  Elderslie,  near  Johnstone,  in 
the  year  1847,  and  at  an  early  age  entered  the  employment  of 
Messrs  Brown,  Malloch  &  Co.,  cotton  spinners  there.  While  still 
a  young  man  he  received  an  invitation  to  join  the  staff  of  the  limi 
of  Messrs  J.  &  W.  Weems,  engineers,  Johnstone,  the  senior  partner 
of  which  firm,  the  late  Mr  John  Weems,  was  a  man  of  great  in- 
ventive capacity;  and  Mr  Wylie  was  largely  associated  with  him  in 
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the  development  of  his  inventions,  especially  those  connected  with 
the  manufacture  of  lead  pipes  and  sheets.  Mr  Wylie's  business 
tact  and  assiduity  soon  won  for  him  a  position  in  the  firm,  and 
he  was  assumed  a  partner  in  1886. 

After  the  dissolution  of  his  firm  some  years  later,  he  joined  the 
late  Mr  John  Wilson,  ex-M.P.  for  Govan,  and  with  him  established 
the  Vulcan  Works,  Johnstone,  where  be  continued  the  manu- 
facture of  the  specialties  he  had  assisted  developing  in  his  former 
firm ;  and,  further,  as  a  result  of  the  development  of  the  electrical 
industries,  he  invented  a  machine  for  the  covering  of  electrical  con- 
ductors with  lead  in  continuous  lengths,  and  constructed  several 
hydraulic  machines  for  this  purpose,  giving  a  gross  power  of 
upwards  of  10,000  tons.  His  invention  was  well  received  by  the 
manufacturers  of  electric  cables,  and  presses  constructed  by  him 
are  exclusively  adopted  in  all  the  principal  cable  works  in  this 
country,  as  well  as  being  extensively  adopted  by  makers  both  in 
Prance  and  Germany. 

Mr  Wylie  also  invented  machines  for  the  manufacture  of  brass 
and  yellow^  metal  rods  and  sections  by  extrusion,  which  have  also 
heen  largely  adopted. 

On  all  matters  connected  with  the  lead  and  cable  trades,  Mr 
Wylie  was  an  acknowledged  expert,  and  his  advice  was  much 
sought  after  and  greatly  valued  by  all  those  interested  in  these 
manufactures. 

He  died,  in  his  59th  year,  on  January'  9th,  1906. 

Mr  Wylie  joined  the  Institution  as  a  Member  in  1897. 


Associateff. 

Lord  Inverclyde  was  born  on  17th  September,  1861,  and 
died  at  Castle  Wemyss,  on  8th  October,  1905,  His  grand- 
father was  one  of  the  founders  of  the  Cunard  Company,  and 
also  the  pioneer  of  the  direct  sea  service  between  Scotland  and 
Ireland,  and  of  the  first  line  of  steamships  between  Glasgow  and 
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the  HighlaDcls  and  Islands  of  Scotland.  To  the  anivear3rinff 
energy  and  business  ability  of  his  father  was  largely  dae  the 
success  of  the  Cunard  Company,  with  whose  management  he  was 
from  his  early  years  associated, 

George  Arbuthnot  Bums,  second  Baron  Inverclyde,  followed 
the  traditions  of  his  family.  After  receiving  a  liberal  educatioD, 
he  made  a  lengthened  tour  abroad,  visiting  India,  China,  and 
Australia.  On  his  return  to  this  country  he  entered  the  office  ol 
the  Cunard  Company,  where,  passing  through  the  principal 
departments,  he  acquired  a  thorough  knowledge  of  the  rami£oa- 
tions  of  the  business.  His  father  died  in  1901,  and  was  succeeded 
in  the  Chairmanship  of  the  Cunard  Line  by  Mr  David  Jardine, 
who  retired  less  than  a  year  afterwards.  The  subject  of  this 
memoir  then  became  chairman,  and  remained  in  that  capacity 
until  his  death,  guiding  the  Company  in  many  important  negotia- 
tions. Throughout  the  Atlantic  rate  war,  in  which  the  Cunard 
Company  fought  the  International  Mercantile  Marine  Association, 
combined  with  the  Hamburg  -  American  Company  and  the 
Norddeutscher  Lloyd,  he  acted  for  the  Cunard  Company  and  held 
out  determinedly  for  the  all-British  character  of  that  Line. 
Subsequently,  in  the  negotiations  with  the  British  Government 
concerning  the  two  subsidised  express  steamers,  "Lusitania"  and 
^'Mauretania,*'  for  the  Cunard  service,  he  took  the  leading  part 
and  helped  to  organise  the  "Turbine  Commission,'*  a  body  of 
marine  engineering  experts,  who  investigated  the  question  of 
applying  turbines  to  the  proposed  vessels,  and  decided  in  favour 
^f  applying  that  type  of  machiner}^ 

Lord  Inverclyde  was  also  a  partner  and  director  in  the  firm  of 
Messrs  G.  &  J.  Burns,  Ltd.,  and  a  director  of  the  Glasgow  &  South 
Western  Railway  Company,  and  of  the  Clydesdale  Bank.  He 
itook  an  active  interest  in  many  philanthropic  and  benevolent 
movements  in  the  city  of  Glasgow,  and  for  two  years,  from  1902, 
iilled  the  office  of  Lord  Dean  of  Guild  of  the  city. 

Lord  Inverclyde  joined  the  Institution  as  an  Associate  in  1904. 
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Thomas  Millab,  general  manager  of  the  Gem  Line  of  Steamers, 
-owned  by  Mr  William  Eobertson,  was  born  on  16th  August,  1866, 
s^i  Hamilton,  and  received  his  early  education  there. 

He  died  at  his  residence,  Hazelwood,  Langside,  Glasgow,  on 
:3l8t  May,  1905. 

Mr  Millar  joined  the  Institution  as  an  Associate  in  1898. 


James  S.  Napieb,  founder  of  the  firm  of  Messrs  Napier  & 
Mclntyre,  iron  merchants,  Oswald  Street,  Glasgow,  died  at  his 
home  in  West  Kilbride  on  the  7th  September,  1906,  in  his  77th 
year.  Mr  Napier  was  a  son  of  Mr  James  Napier,  brother  of  the 
famous  Robert  Napier,  a  pioneer  of  the  Clyde  shipbuilding  industry, 
and  was  born  at  Glasgow  on  the  29th  December,  1829.  A  shrewd, 
able,  and  upright  man  of  business,  Mr  Napier  was  held  in  high 
esteem  in  commercial  circles  in  Glasgow,  but  was  more  widely 
known  for  the  great  interest  he  took  in  religious  and  charitable 
work.  With  the  poor  of  Glasgow  especially,  he  had  a  deep 
sympathy,  and  readily  supported  every  movement  for  the  ameliora- 
tion of  their  condition. 

At  various  times  he  was  connected  with  the  management  of 
different  charitable  institutions,  of  which  he  was  a  liberal 
supporter.  Indeed,  his  generosity  can  hardly  be  overstated, 
for  he  spent  a  large  income  mainly  in  the.  interests  of  others. 

Mr  Napier  was  an  Associate  of  the  Scottish  Shipbuilders*  As- 
sociation at  the  time  of  its  incorporation  with  the  Institution 
in  1865. 


Henry  James  Watson  was  born  in  Glasgow  in  1833.  On 
leaving  school  he  entered  the  office  of  his  father,  who  owned 
several  wooden  sailing  ships  trading  between  Glasgow  and 
Quebec.  On  the  death  of  his  father  the  business  was  con- 
tinued   by    Mr  Watson    and    his    brother    under   the    name   of 
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Watson  Brothers,  and  they  were  among  the  first  firms  in 
Glasgow   to  own   iron   ships. 

Mr  Watson  retired  from  business  some  years  ago,  and  died 
at  his  residence  Bnrnbrae,  Bridge  of  Allan,  on  9th  June,   1906. 

Mr  Watson  was  an  Associate  [of  the  Scottish  Shipbuilders' 
Association  at  the  time  of  its  incorporation  with  the  Institu- 
tion in  1866. 
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London,  S.W.,  1891 

Blythswood,  Lord,  Blythswood,  Renfrewshire,  1891 

Kennedy,    Sir   A.    B.    W.,    LL.D.,    F.R.S.,   17   Victoria  street, 

London,  S.VV.,  1891 

White,   Sir  William  Henry,   K  C.B..  F.R.S..  LL.D.,  D.Sc., 

Cedar  Croft,  Putney  Heath,  London,  S.  W.,  1894 

DURSTON,  Sir  A.  J.,  K.C  B.,  Westcomlea,  Park  Road,  Blackheath, 

lA>ndon,  S.E.,  1896 

Froude,    R.    E.,  LL.D.,    F.R.S.,    Admiralty    Experiment    works, 
Gosport, 
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DATK  OF  ELKCTIOK. 

A  AMUNDSEN,    Jkn.s    l..,    Amaliegade    6,   Copenhagen, 

Denmark,  24  Jan.,  1899 

Abercrombie,  Robert  Graham,  Broad  Street  Ensine 

Works,  Alloa,  21  Mar.,  1899 

Adam,  J.  Millen,  Ibrox  Iron  works.  Glasgow,  j  ^  |^  j^^'  }g^ 

Adamson,  James,  St.   Qnivox,  Stopford  road,   Upton 

Manor,  Essex,  23  Apr.,  1889 

Adamson,  Peter  Hogg,  2  Thomwood  terrace,  Partick,  19  Mar.,  1901 
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AiTKEN,  H.  Wallace.  147  Bath  Street,  Glasgow,  (y[  |^  jj[^'|  }^ 

AiTON,   J.    Arthur,    Western   Works,    Hythe  Road, 

Willesden  Janction,  London,  N.W.,  34  Nov.,  1896 

Alexander,  John,  Engineer,  Barrhead,  19  Mat.,  1901 

Alexander,  John,  31  Kelvingrove  street,  Glasgow,  24  Oct.,    1905 

Allan,    Robert,    Demerara    Fonndry,    Georgetown, 

Demerara,  30  Apr.,  1995 

Alley,   Stephen    £.,  6  Huntly  gardens,  Kelvinside, 

Glasgow,  23  Nov.,  1897 

tALLiOTT,  James  B.,  The  Park,  Nottingham,  21  Dec.,  1864 

Allo,  Oscar  Edward,  100  Bothwell  street,  Glasgow,  22  Mar.,  1904 

Alston,  W^illiamM.,  24  Sardinia  tenace,  Hillhead,      (  G.  15  Feb.,  1865 

Ghisgow,  I  M.  18  £>ec,  1877 

i-AMOS,  Alexander,  Glen  Alpine,  Werris  Creek,  New 

South  Wales,  21  Dec,  1836 

tAMos,  Alexander,  Jun.,  Braeside,  81  Victoria  Street 

(North),  Dariinghnrst,  Sydney,  New  Soath  Wales,  21  Dea,  1886 

Anderson,  Alexander,  176  Balgray  hill,  Springbnm, 

Glasgow,  24  Nov.,  1903 

Anderson,    Alfred   Walter,    Blackness    Foandry, 

Dundee.  27  Oct.,   1903 

t Anderson,  £.  Andrew,  c/o  Clinton,   13  Holmhead 

street,  Glasgow,  21  Feb.,  1899 

Anderson,  F.  Carlton,   Messrs  G.  Harland,  Bowden 

&  Co.,  196  Deansgate,  Manchester,  23  Apr.,  1901 

Anderson,  George  C,  13  Balmoral  drive,  Can]bu8lang,|^'    ^  q|^'  jqqJ  I 

Anderson,    J.    Godfrey,    B.Sc.,   c/o   Messrs   James 

Templeton  &  Co.,  Greenhead,  Glasgow,  19  Mar.,  1901 

tANDERSON,  James,   Ravelston,  Great  Western  Road, 

Glasgow,  26  Nov.,  1901 

Anderson,   James  H..  Caledonian  Railway,  Glasgow,  20  Dec,  1892 

Anderson,  John,  40  West  Nile  street,  Glasgow,  20  Dec.,  1904 

Anderson,  Robert,  Clyde  Street,  Renfrew,  26  Jan.,  1897 

Anderson,    William    Martin,     102    Union    street, 

Glasgow,  18  Dec,  1900 

Anderson,   William  Smith,  Alderwood  East,  Port- 
Glasgow,  21  Nov.,  1899 

Andrew,  Dayid,  Jan.,  116  Hope  street,  Glasgow,  19  Dec  ,  1905 

Andrews,  H.  W.,  128  Hope  street,  Glasgow,  |  ^  |]  q^'  j^ 

Andrews,  James,  Kelvin  Engineering  works,  Kirkin- 

tiUoch,  22  Nov.,  1898 

Angus,  Robert,  Lugar,  Old  Camnock,  Ayrshire,  28  Nov.,  1860 

Anis,  Mohamed,  Pasha,  Chief  of  the  Technical  Depart- 
ment, P.W.D.,  Ciairo,  24  Apr.,  1894 
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Appleby,  John  R.,  133  Balsbai^ray  avenue,  Partick,  31  Feb.,  1905 

Archer,  W.  David,  47  Croham  road,  Croyden,  Surrey,  20  Dec,  1887 

Aknot,  William,  91  Hyndland  street,  Partick,  26  Apr.,  1904 

Arnott,  Hugh  Steels,  99  Clarence  drive,  Hyndland,  /G.  26  Oct.,  1897 

Glasgow,  \M.  22  Jan.,  1901 

Arrol.  Thomas,    32   Falkland    mansions,  Hyndland, 

Glasj^ow,  27  Oct.,  190^ 

Arrol,  Thomas,  Oswald  gardens,  Scotstounhill,  Glas- 
gow, 20  Nov.,  1894 

t Arrol,  Sir  William,  LL.D.,  Dalmarnock  Iron  works, 

Glasgow,  27  Jan.,   lads' 

Arrol,  William,  47  Kelvinside  gardens,  Glasgow,  27  Oct.,   1903 

Atchley,  Charles  Atherton,  oC  Wellington  street, /A.M.  24  Jan.,  1905 

Glasgow,  \  M.       20  Mar. ,  1906 

AuLD,  John,  Whitevale  foundry,  Glasgow,  28  Apr.,   1886 

Auld,  John,  Pollok  buildings,  Cockerhill,  Glasgow,  21  Mar.,  1905 

Austin,  William  R.,  61  Brisbane  Street,  Greenock,  23  Feb.,  1897 


Bagshawe,  Benjamin  Wyatt,  50  Wellington  street, 

Glasgow,  20  Feb.,  1906 

Baillie,  Robert,  c/o  Stirling  Boiler  Company,  Limited, 

Motherwell,  20  Nov.,  1900 

Bain,  William  N.,  40  St.  Enoch  square,  Glasgow,  24  Feb.,  1880 

Bain,  William  P.  C,  Lochrin  Iron  works,  Coatbridge,  2S  Apr.,  1891 

Baird,   Allan  W.,  Romiley,  Erskine  avenue,  Dnm- 

breck,  Glasgow,  25  Oct.,  1881 

Balderston,  James,  Gateside,  Paisley,  25  Jan.,  1898 

Balderston,  John  A.,  Vulcan  Works,  Paisley,  18  Dec,  1900 

Balfour,  George,  Messrs  J.  G.  White  &  Co.,  Ltd.,  22a 

College  hiU,  CauLon  street,  Londoo,  £.C.,  21  Mar.,  1899 

Ballantine,  Thomas,  Messrs  A.  Stephen  &  Son,  Lint- 
house,  Glasgow,  24  Jan.,   1905 

Ballantyne,  John    Hutchison,    116  Pollok  street, 

Glasgow,  25  Oct.,  1904 

Ballingall,  David,  c/o  Messrs,  Richard  Homsby  &  Son, 

Ltd.,  Spittlegate  Iron  Works,  Grantham,  27  Oct.,  1896 

Bamford,  Harrt,   M.Sc.,   The   University,  Glasgow,  24  Nov.,  1896 

Barman.  Harry  D.  D„  21  University  avenue,  Glas-  JG.  24  Apr.,  1888 

gow,  \M.  24  Oct.,   1899 

Babnktt,  J.  R.,  Westfield,  Crookston,  22  Dec.,  1896 

Baknett,  Michael  R.,  124  St.  Vincent  street,  Glasgow,  22  Nov.,  1887 

Barr,  Professor  Archibald,  D.Sc,  Royston,  Dowanbill, 

Glasgow,  21  Mar.,  1882 

Bars,  James,  67  Dnrward  avenue,  Sbawlands,  Glasgow,  20  Dec.,  1904 
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Barr,  John,  GlenBeld  Company,  Kilimumock.  |  ^  ^  ^^'  J^ 

Barrow,  Joseph,  Messrs  Thomas  Shanks  &  Co.,  John- 
stone, 19  Feb.,  1901 

Baxtkr,  (Ieorge  H.,  Clyde  Navigation  works,  Dalmnir,  22  Mar.,  1881 

Baxter,  P.  M'L.,  Copland  works,  Govan,  |  ^  ff^ISSe,  1M8 

Bkale,   Samuel  K.,   The  Cmwn  Iron    works.    North 

Woodside  road,  Glasgow,  20  Mar.,  1906 

Beardmore,  Joseph  George,  Parkhead  forge,  Glasgow,  22  Not.,  189S 

Beardmore,  William,  Parkhead  forge,  Glasgow,  27  Oct.,  1896 

Beobie,    William,     P.O.   Box    39S2,    Johannesbarg, 

South  Africa,  15  Jonei,  239S 

*tBELL,  David,  19  Eton  place,  Hillhead,  Glasgow, 

Bell,  Imrie,  49  Dingwall  road,  Croydon,  Sorrey,  23  Mar.,  1880 

Bell,  .John  Hart,  Messrs  Cochran  &  Co.,  Annan,  23  Jao.,  Ii^l6 

Bell,  Stuart,  163  Hope  street,  Glasgow,  26  Feb.,  1895 

Bell,    Thomas,    Messrs   John    Brown    &    Co.,    Ltd.,  JG.  26  Apr.,  1887 

Clydebank,  (M.  27  Apr.,  1897 

Bell,  W.  Heid,  Transvaal  Department  of  Irrigation  and 

W^ater  Supply,  Box  78,  Potchefstroom,  Sonth  Africa,  22  Jan.,  1889 

Belsey,  Walter  JamivS,  91  Wellington  street,  Glasgow,  24  Oct.,   1905 

Ben X IE,  H.  Osbourne,  Clyde  Engine  works,  Cardonald, 

Glasgow,  25  Jan.,  1898 

Bkrgius,  W.  C,  8  Marlborough  terrace,  Glasgow,  W.,  23  Jan.,  1900 

Beveridge,     Kichari)     James,     53    Waring    street, 

Belfast,  22  Feb.,  1898 

Bigg  ART,  Andrew  S.,  Inchgarvie,  39  Sherbrooke  avenue,  )  G.  20  Mar.,  1883 

PoUokshields,  Glasgow,  {  M.  25  Nov.,  1884 

Biles,  Professor  John  Harvard,  LL.D.,  The  Univer- 
sity, Glasgow,  25  Mar.,  1884 
BiNNiE,  K.  B.  Jardink,  Carntyne  Works,  Parkhead,  24  Dec,  1901 
Bird,  John  K.,  10  Morrison  street,  Glasgow,  25  Mar.,  1890 

Bishop,  Alexander,  S  Germiston  street,  Glasgow,  |Jj  |J  jj^*'  |^ 

Black,  John  W.,  108a   West    Regent  street,   Glas-  /G.  25  Oct.,  1892 

gow,  \M.  27  Oct.,  1903 

Blair,  Archibald,  21  Havelock  street,  Dowanhill,  Glas- /G.  27  Oct.,  1885 

gow,\M.  27  Oct,  1903 

Blair,  David  A. ,  Scotland  street  Copper  works,  Glasgow  23  Mar.,  1 897 
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M   21  Apr"  I9S 

Blair,  George,  Jan.,  38  Queen  street,  <;ia8gow,  |  ^'  |J  p^'»  **** 

BOAK,   William,    Messrs   Delmege,    Forsyth    &    Co., 

Colombo,  Ceylon,  24  Oct.,    19)5 


MEMBERS  495 

Bone,  William  L.,  Ant  and  Bee  works,  West  Gorton, 

Manchester,  23  Oct.,  1S83 

Booth,  Robert,  Olengelder,  Cowey  road,  Durban,  Natal,         26  Jan..  1904 
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Brown,  Andrew  M*N.,  Strathclyde,  Dalkeith  avenue,  J  G.  25  Jan.,  1876 

Dumbreck,  Glasgow,  (  M.  24  Nov.,  1885 
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Hill,  London,  N.\M.  22  Jan.,  1901 

Wallace,  Peter,  Ailsa  Shipbuilding  Co.,  Troon,  23  Jan.,  1883 

Wannop,  Charles  H.,  Messrs  A.  Stephen  &  Son.  Lint-  /G.  ^24  Feb.,  1885 

house,  Glasgow,  \M.  22  Mar.,  1904 

Ward,  J.  C.  A.,  121  North  Side,  Clapham  Common, 

London,  S.W.,  22  Nov.,  1898 

Ward,  John,  Leven  Shipyard,  Dumbarton,  26  Jan.,  1886 

Warde,  Henry  W.,  69a  Waterloo  street,  Glasgow,  15  June,  1898 

Warden,  Willouohby  C,  68  Gordon  street,  Glasgow,  24  Mar.,  1896- 

Warnock,  Thomas  F.,  274  Bath  street,  Glasgow,  23  Jan.,  1906 
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Warnock,  William,  Findlay,  274  Bath  street,  Gla9gow,2l         J&n.,  IWi 

W.iSLEY,  Thomas  J.  J.,  21   Station  road,   Coatham, 

Redcar.  Yorke,  20  Mar.,  1^J6 

W ATKINSON,  Prof.  W.  H.,  15  Croxteth  road,  Liverpool,  19  Dec.,  188S 

Watson,  James  W.,  6  Kirk  lee  road,  Kelvinside,  Glas- 
gow, 17  Feb.,  !*» 

Watson,  John,  9  Woodside  crescent,  Glasgow.  W.,    j^*       '^  q^^''  J^ 

Watson,  Robert,  10  East  Nelson  street,  Glasgow,  (^   ^q  Oc^  '  1901 

Watson,  William,  Clyde  Shipping  Company,  Greenock,         24  Nov,,  1S96 
WxVTT,  Alexander,  Inchcape,  Paisley,  25  Jan.,   1898 

Watt,  Robert  D.,  106  Hamilton  place,  Aberdeen,  |^'  ^  ^P' '  j^ 

Webb,  R.  G.,  Messrs  Richardson  &  Cruddas,  Byculla,  J  G.  21   Dec,  1875 

Bombay,  {  M.  26  Oct.,   1886 

Webster,  James,  North  British  Locomctive  Co.,  Ltd., 

Atlas  works,  Springburn,  Glasgow,  21  Mar.,  1899 

Weduell,  Alexander  H.,  B.Sc,  Park  villa,  Udding-  \  G.  22  Dec.  1896 

ston.  j  M.  16  Dec,  1J<^2 

Weddell,  James,  Park  villa,  Uddingston,  22  Dec,  1896 

Wedgwood,  A.,  Dennystown  Forge,  Dumbarton,  18  Dec,  1900 

Wedgwood,  Arthur  D.,  Forgemaster,  Dumbarton,  26  Jan.,  1897 

Weiohton,   Prof.    R.    L.,    M.A.,    2  Park  villas,   Gos-  \  G.    17  Dec,  1878 

forth,  Newcastle-onTyne,  \  M.  22  Nov.,  1887 

tWEiR,  George,  Yass,  near  Sydney,  New  South  Wales,  22  Dec,  1874 

tWEiR,    James,    Holmwood,   72    St.    Andrew's    drive, 

Pollokshields,  Glasgow,  22  Dec,  1874 

.«  T  .      X    r»  _..  ,  fO.  22  Apr.,  1884 

Weir,  John,  46  Lawrence  street,  Partick,  <y^  26  Nov.    1895 

+Weir,  Thomas,  China  Merchants'  Steam  Navigation 

Co.,  Marine  Superintendent's  Office,  Shanghai,  China,  23  Apr.,  1889 

Weir,  Thomas  D.,   Messrs  Brown,  Mair,  Gemmill  &  f  G.  19  Dec,  1876 
Hyslop,  162  St.  Vincent  street,  Glasgow,  \M.  26  Feb.,  188* 

Weir,  William,  Holm  foundry.  Cathcart.  Glasgow,         |jj   ^^;'  }^ 

Weir,  William,  231  Elliot  street,  Glasgow,  22  Jan..  1901 

Welch,  Archibald,  Clunebank,  Port-Glasgow,  21  Feb.,  1905 

Wei^h,   James,  3  Princes  gardens,   Dowauhill,    Glas- /G.  24  Nov.,  1885 

gow,  \M.  26  Oct,  1897 

Wemyss,  George  B.,  57  Elliot  street,  Hillhead,  Glasgowr,  |^'  ^  j^^'  }^ 

White,  Richards.,  Shirley,  Jesmond,  Newcjwtle-on-Tyne,      20  Feb.,  1883 

Whitehead,  Alexander  Cullen,  c/o  Messrs  White- 
head Bros.,  Engineers,  P.O ,  Box  27S6, 
Johannesburg,  S.A.,  27  Oct.,  1903 
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^M'^HITEHEAD,    JAMES,    Howford,    MaDsewood,    Pollok- 

shaws,  Glasgow, 

l¥iLLCOX.  Reginald.  J.  N.,  Messrs  FlemiDg  &  FergusoD. 

Ltd.,  Paisley. 

Williams,  Llewellyn  Wynn,  B.Sc.,  Cathcart,  Glas- 
gow, 

Williams.  Owen  R.,  B.Sc,  Railway  Appliance  works, 

Cathcart.  Glasgow, 

Williams,  William, 

Williamson,    Alexander,    67  Esplanade,   Greenock, 

Wiluamson.  Sir  James,  C.B.,  27  Cedar  road.  Clapham 

Common.  London,  S.W., 

Williamson,  James,  Marine  Superintendent,  Gonrock, 

Williamson.  Robert,  Ormidale,  Malpas.  near  New- 
port, Mon. , 

Wilson,  Alexander,  City  Chambers,  Glasgow. 

Wilson,  Alexander,  Hyde  Park  Foundry,  Finnieston 

street,  Glasgow,  23  Feb..  1897 

Wilson,    Alexander    Hall,     B.Sc.,    Messrs    Hall. 

Russell,  &  Co.,  Aberdeen.  23  Oct.,  I'JOO 

Wilson,   David.   Arecibo,   Porto   Rico.    West   Indies.  25  Oct..  1887 

Wilson,  Gavin.  Clyde  Navigation  Chambers,  16  Robert- 
son street.  Glasgow.  22  Oct.,  1889 

Wilson,  John,  101  Leadenhall  street,  London,  E.G.,  24  Dec,  1895 

Wilson,  John,  256  Scotland  street,  Glasgow,  22  Dec,  1W)3 

Wilson,    Samuel,    39  Camphill  avenue.   Langside, 

Glasgow,  3  Mar.,  1908 

Wilson.  W.  H..  261  Albert  riftid.  Pollokshields,  Glasgow,  22  P'eb.,  1898 

Wilson,  William  Cheetham,  ]22Balgray  hill,  Spring- 
bum,  Glasgow,  24  Nov.,  1903 

Wilson,  William  J.,  Lilybank  Boiler  works,  Glasgow.  30  Apr..  1895 
Winning,  Wilfred  L  awson,  99  Queensborough  gardens,  21  Nov. ,  1905 
Wood,  Robert  C,  c/o  Messrs  A.  Rodger  &  Co.,  Ship- 
builders, Port  Glasgow,  23  Mar.,  1897 

Wray,  William  J.  R.,  175  West  George  street,  Glasgow,  19  Dec. ,  1905 

Wrench,    William  G.,   27   Oswald    street,   Glasgow.  25  Mar..  1890 

Wright.  Robert.  Lloyd's  Register  of  Shipping.   342 

Argyle  street,  Glasgow.  22  Dec,  1896 

Wright.  Robert,  3  Sir  John  Rogerson's  quay,  Dublin,  23  Jan,,  190ft 

Wyllie,  James  Brown,  Messrs  Wyllie  &  Blake.  219  St.  J  G.  25  Oct.,  1887 

Vincent  street,  Glasgow,  \  M.  26  Jan.,  1897 


Yardlky,  Robert  William,  Heysham  Tower,  Heysham, 

near  Moreoonibe,  22  Mar.,  1904 
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Young,  David  Hill,  30  Melville  street,  PoUokshield8,/G.   20  Nov.,  1900 

Glasgow.  \M.  15  Apr.,  1902 

Young,  Thomas,  Rowington,  Whittiogehame drive,  Kel- 

vindde,  Glasgow,  20  Mar.,  1S94 

Young,  Wiluam  Andrew,  Millbum  House,  Renfrew,  26  Mar.,  1895 

YouNGEB,    A.    Scott,    B.Sc,    141    Fenchorch   street, 

London,  E.C.  24  Nov.,  1896 
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iVDAM,  John  Wiluam,  Ferguslie  villa,  Paisley,  28  Apr.,  190* 

Agnew,  William  H.,  Messrs  Cammell,  Laird  &  Co., /G.       28  Nov.,  1882 

Birkenhead,  ^A.M.  27  Oct.,  1903 

AiNSLiE,  James  William,  28  Ancaster  drive,  Annies-  J  G.      26  Nov.,  1901 

land,  Glasgow,  }  A.M.  28  Apr.,  1903 

Allan,  James,  326  West  Princes  street,  Glasgow,         5  ^\,  ^4  Jan.,  1888 

^      ^  }  A.M.   2  May,  1905 

iVNDERSON,  David,  B.Sc,  21  Portland  road,  Holland 

Park  avenue,  London,  W.,  20  Dec,  19C4 

Anderson,  James,  77  Billiter  buildings,  Billiter  street,  \  A.      24  Apr.,  190O 

London,  E.G.,  {  A.M.  17  Feb.,  1903 
Anderson,  Thomas,  c/o  M'Queen,  7  Grantly  street, /G.       29  Oct.,  1901 

Shawlands,  Glasgow,  \  A.M.  28  Apr.,  1903 
Arbuthnott,  Donald  S..  c/o  Messrs  Charles  Brand  &j  G.       23  Oct.,  1888 
Son,  65  Rentield  street,  Glasgow,  t  A.M.  27  Oct.,  19o» 
Ardill,    William,    17    Chatham   grove,   Withington, 

Manchester,  17  Feb.,  1903 

Arundel,  Arthur  S.  D.,  Penn  street  works,  Hoxton,  f  G.      23  Dec.,  1890 

Loudon,  N.,\A.M.  27  Oct.,  1903 


Baird,  Thomas  H.,  12  Berkeley  terrace,  Glasgow,  21  Nov.,  1905 

Ballantyne,  Hugh  D.,  Rose  cottage,  Kilbirnie,  24  Oct.,   1905 
Barbour,  James  Clinkskill,  4  St.  Thomas  square, 

Newcastle -on-Tyne,  24  Jan.,  1905 

BARNWELL,  Frank  S.,  Elcho  house,  Balfrou,  i  ^'  „  H  ?®^'  ]^ 

*  i.  A  .M.  23  Jan. ,  1906 

Barnwell,  Richard  H..  Elcho  house,  Balfron,  |^  j^  ^3  Jan'  1906 

Bennett,  Duncan,  9  Leslie  street,  Pollokshields,  Glas-  fG.       26  Oct.,  1897 

gow,"lA.M.  27  Oct.,  1903 

Berry,  Davidson,  4  Newlands  park,  Newlands,  Glas- ( G.       19  Mar.,  1901 

gow,|A.M.  27  Oct.,  1903 

Blair,  Archibald,  25  Peel  street,  Partick,  {aM.  %  May',  1904 

Boyd,  James,  c/o  The  Borneo  Coy.,  Ltd.,  Ban  Sarawak, 

Dutch  Borneo,  22  Mar.,  1904 

Brown,   William,    22   Leven  street,  Pollokshields,  jG.      26  Nov.,  1901 

Glasgow,  iA.M.  21  Apr.,  1903 

Brown  LIB,    Matthew,     4    Edmiston    drive,    Ibiox, 

Glasgow,  21  Nov.,  1905 

34 
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Buchanan,  George  Hamilton,  1  Wellfield  terrace. 

SpriDgbam,  Glasgow,  19  Dee.,  1905 


{r*  27  Jan     1891 

A.M.  28  April  1900 

Buckle,  Joseph,  30  DombartoD  road,  Ferry  road  head,/S.      31  Oct.,  1908 

Yoker,  Glwgow.t  A.M.28Apr.,1903 

Butler,  James  S..  21  Hamilton  terrace,  W.,  '^artick,  |^]j^^  jj^y|  }^ 


Caldwell,  James,  157  West  George  street,  Glasgow,  24  Oct.,   1905 

Caldwell,  James,  6  Clydeview,  Partick,  20  Mar.,  1906 

T     .o  TT   .  J   1,     *  /«•      20  Not.,  1900 

Cameron,  Angus  J.,  43  Union  road,  Exeter,  i  A-M,  2  May,  1905 

Cameron,  John,  29  White  street,  Partickhill,  Glasgow,  21  Nov.,  1906 

Cleghorn,  George,  2  Clelland  place,  Ibrox,  Govan,  27  Oct,  1903 

Cochran,  Alexander,  Messrs  Boms  &  Co.,  Ltd., 

Howrah,  Calcutta,  3  Mar.,  1903 

Coleman,  Henry  Charles,  Isaac  Pei-al  25,  Cadiz,  Spain,  3  May,  1904 

Cook,  Robert  Templkton,  2  Wyndham  park,  Ardbeu, 

Rothesay,  N.B.,  25  Oct,  1904 

Craig,  James,  B.Sc.,  Netherlea,  Partick,  \^]^  ^  ^p^;'^  J^ 

Crawford,  John  Douglas,  64  Love  street.  Paisley,  20  Mar.,  1906 

Cumbcing,  Findlay  M  ,  4  Smithhills  paisley,  23  Jan.,  1906 

Dekke,  K.  S.,  Bergen,  Norway,  \^^  f|  g^'  }^ 

DiACK,  James  A.,  4  Rosemonnt  terrace,  Ibrox,  Glas-  (  G.       22  Jan.,  1896 

gow,  j  A.M.  27  Oct.  1903 

Dickie,   James    Black,    B.Sc.,   Sorrento,   Terregles 

avenue,  PoUokshields,  Glasgow,  20  Dec.,  1904 

DoBBiE.  Robert  Brown,  15  Leander  road,   Brixton /S.        24  Oct,   1899 

Hill,  London,  S.W.,\A.M.  17  Apr.,  1906 

Drysdale,  Hugh  R.  S.,  24  Kilmailing  terrace,  Oath- 

cart,  Glasgow,  17  Feb.,  1903 

DuNLOP,   Alexander,  14  Derby  terrace,  Sandyford,  J  G.      21  Dec.,  1897 

Glasgow,  }  A.M.  28  Apr.,  1903 

Edmiston,  Alexander  A.,  Ibrox  boose,  Govan,         1  A  M  27  Oct   1^ 

Elliott,  Simpson,  122  Damley  street,  PoUokshields, 

Glasgow,  19  Dec.,  1905 

Fallon,  Alfred  H.,  c/o  Mrs  A.  Dowie,  59  Gardner 

street,  Partick,  17  Feb.,  1003 
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Faut,  Alkxandeb,  3  Holland  place,  Glasgow,  J  j^^  2i  Apr.*  19(»3 

(G        ^  Dec    1891 
AM   "s  May*  1904 

Fergus,  Fred.  Smeaton,  52  Lawrence  street,  Partick,  20  Feb.,  1906 

Ferguson,  Daniel,  27  Oswald  street,  Glasgow,  27  Oct.,  1908 

Fernik,  John,   33  Partickhill  road,   Partick,   Glas- }S.       31  Oct.,  1902 

gow,  {A.M.28Apr.,  1903 

FiNDLATER,  James,  124  PoUok  street,  Glasgow,  S.S.,K*j^  23  Feb.'  1904 

FiKDLAY,  Edwyn  ALFRED,  5  Cranworth  street.  Billhead, 

Glasgow,  25  Oct,  1904 

Fletcher,  William  Dawson,   11-15  East  Vermont 

street,  Kinning  Park,  Glasgow,  23  May,  1905 

FouLis,  William,  2  Montgomerie  qaadrant,  Kelvinside, 

Glasgow,  21  Nov.,  1606 

France,  James,  8  Hanover  terrace,  Kelvinside,  Glas-/G.       26  Oct.,  1897 

gow,\A.M.  27  Oct.,  1903 

r  ^  ^1   Cinf      IQO^ 

Frost,  Evklyn  F.  M.,  21  Barnbank  gardens,  Glasgow,  |  ^  M.  28  Apr.'  1903 


Gallacher,  Patrick,  72  Fnlbar  street,  Kenfrew,  21  Apr.,  1903 

Gilchrist,  James,  B.Sc,  Caledonian  Railway  Company, 

Buchanan  street,  Glasgow,  26  Apr.,  1904 

Gilmour,  Andrew,  34  Hamilton  terrace,  Hamilton,  /G.      20  Dec.,  1898 

West,  \A.M.   2  May,  1905 

Grant,  Willlam,  40  Keppel   road,    Chorlton-cum- rS.       24  Oct.,   1^99 

Hardy,  Manchester,!. A.M.    1  May,  1906 

Gray,  Robert,  88  Lennox  street,  Possilpark,  Glasgow,  17  Apr.,  1906 

Grieve.  John,  Kinclaven,  Miller  street,  Hamilton,  23  Jan.,  1906 

Guthrie,  William   Orrok,    4  Crown    Circus    road, 

Glasgow,  W.,  21  Nov.,  1905 


Hay,  James,  Devon  bank,  High  Crosshill,  Ratherglen,  20  Dec,  1904 

Heron,  John  Murdoch,  4  Merchiston  avenae,  Edin- 
burgh, 21  Nov.,  1905 

Hogarth,  Alexander,   1  Tantallon  terrace,     Ibrox, 

Glasgow,  21  Nov.,  1905 

Holmes,  James,  c/o  Robertson,  25  St.  James  street, /S.       17  Feb.,  1903 

Paisley,  \  A.  M.  24  Oct.,   1905 

Horn,  Peter  Allan,  29  Regent  Moray  street,  Glasgow  l^'^  27  Oct"  1903 

Howie,  William,  c/o  Messrs  David  Rollo  &  Son,  O/G.     23  Apr.,  1901 
Blackstone  8tre9t,  Liverpool, \  A. M. 28  Apr.,  1903 
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HuTCHEON,  Alexander,  5  Belmoot  sti«et.  Billhead, 

Glafigow,  20  Dec,,  1904 

Hutchison,  Robert,  c/o  Me^Brs  Bnma  &  Co.,  Engi- fG.       24  Oct.,  IS99 

neen,  Howrah,  Calcutta,! A.M.  27  Oct-,  19i« 


I'AysoN,  Joseph,  83  HyDdland  street,  Partick,  23  Jan.,   19IH3 

Irvine,  Archibald  B.,  5  Strathallan  terrace.  Dowan-fG. 


errace.  Dowan/G.       20  Nov.,  ISB4 
hill,    Glasgow, t  A. M.  27  Oct.,  1903 


Johnson,  Herbert  August,  41  James  street,  Holder- 

ness  road,  Hull,  22  Mar. ,  19iH 

Johnstone,  Alexander  C,  307  Kuchill  street,  Ruc-TG.       :^5  Jan.,  1S9S 

hill,  Gla8gow,\A.M.  27  Oct.,  I9".n 

Johnstone,  John  Gavin,  B.Sc.,  U  Maxwell  terrace, 

Pollokshields,  Glasgow,  22  Dec.  l»iS 

Johnstone,  Robert,  Sala  de  Desenho,  Arseoal  daiG.       26  Apr.,  189b 

Mavinha,  Li8bon,\A.M.  27  Oct.,   WK< 

Jones,  T.  C,  17  Kent  Avenue,  JordanhiU,  Glasgow,    |^;^j  |^  ^Jy  |®J 

Kirk,  John,  Killeam  Lodge,  Helensburgh,  {a.M.  28  Apr.,'  19^ 

Knox,  Alex^\NDER,  10  Westbank  terrace,  Hillhead,  f  G.       23  Nov.,  1897 

Glasgow, \ A. M.  22  Dec,  19ie 

Laird,  Alp:xander,  i;2  Pitt  street,  Glasgow,  24  Oct.,   190.5 

Lamb,    Stuart  D.   R.,   Contractor's  Office,  Camden  (G.      23  Jan.,  19(K> 

house,  Southwick,  Sunderland, \ A.M.  23  Feb.,  1904 

Lane,  Frank  C,  The  Customs  Service  of  the  Philippine 

Islands,  IloUo,  24  Oct.,    1905 

Learmonth,   Robekt,   Electricity  Offices,  WhitakerfG.       26  Nov.,  1901 
buildinj?8,  Victoria  square,  Bradfoid,\A.M.  21  Apr.,  1903 

Le    Clair,  Louis   J.,    Societe,    Anonyme  Westing- fG.      24  Nov.,  1896 
bouse,  Sevran  (Seine  &  Oise),  France, \ A. M.  21  Apr.,  1903 

A.M.  21  Apr.]  190i« 

Little,  John  Paterson,  Annandale,  Riverside  road, 

Newlands,  Glasgow,  24  Oct.,   1905 

Little,  Simon  Mure,  32  Sutherland  ter.,  Glasgow,  W.,  24  Jan.,  1905 

^^  ^,         :.        XX   rii  f  A.       21  Jan.,  1902 

Loudon,  James  May,  22  Clarendon  street,  Glasgow,    |^  j^     2  May  19a> 

Lowe,  James,  c/o  Wilson,  92  Langside  avenue,  Lang- rG.       24  Oct,  3^ 

side,  Glasgow,  I  A.  M.  23  Feb.,  1904 

Lynn,   Robert  R.,  7  Highburgh  terrace,  Dowanhill, 

Glasgow,  20  Jan.,  1903- 
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Lyons,  Lewis  James,  119,  33rd  street,  Newport- News, 

Virginia,  U.S.A.  23  Feb.,  1904 


McCuLLOCH,  John,  49  Arliagton  street.  Glasgow,         |^-^    ^  ^*-'  J^ 

McEwAN,  John,  3  Norse  road,  Sootstoun,  Glasgow,       j  a  M  ^  A^'r*  1M3 

McFarlane,  Duncan  A.,  9  DunoUy  gardens,  Ibrox. 

Glangow,  21  Nov.,  1905 

McGiLVRAY,  John  A.,  555  Govan  road,  Govan,  1  AM  27  Oct  *  1903 

Mc Hardy,  Wallace  Bruce,  Flakedale,  Hamilton,;  21  Nov.,  1905 

McIXTYRE,  James  N.,  33  Hay  bum  crescent,  Partick,  /^'^   ^001**19^ 

McIvoR,  John,  Moss  cottage,  Nitshill,  Glasgow,  3  Mar.,  1903 

McKenzie,  William  John,  5  WeHtboame  drive.  Ibrox, 

Glasgow,  21  Feb.,  1905 

McMillan,    Thomas,    5    Balgray    HiU,  Springburn, 

Glasgow,  19  Dec,  1905 

Mackie,  James,  371  Bath  street,  Glasgow,  | ^^^  *^| ^*^'  J^ 

Mackintosh,  R.  D.,  P.O.  Box  6075,  Johannesburg, /G.       20  Nov.,  1893 

South  Africa,! A. M.  27  Oct.,  1904 

Manxkrs,  £dwin,  21  Leslie  street,  Pollokshields,  Glas- 
gow, 17  Feb.,  1903 

Marshall,  James  Eadie,  18  Partlck  street,  Greenock,  19  Dec.,  1905 

Martin,  George  Howk.  c/o  Macfarlane.Strathend  house, 

Strathleveu  place,  Dumbarton,  24  Oct.,   1905 

Martin,  James,  7  Woodend  drive,  Jordanhill,  Glasgow,  20  Dee. ,  1905 

Meek,  William  M'Carter,  21  Thornwood avenue, Partick»      25  Oct.,  1904 

Melexcovich.  Alexandre,  21  Peel  street.  Particle,     |  a  M  22  Nov"  1904 
Menzies,  George.  20  St.  Vincent  crescent,  <^Ia8gow,|^'^  ^  ^^^'  \^ 

Millar,  John  Simpson,  55  Gardner  street,  Partick,     {am    22  D^'  1903 

111(6.       18  Dec,  1900 
Htreet,  Tollcross,  Glasgow,  i  A.M.  17  Feb.   1903 

Miller,  Jami-^  W.,  84  Portland  place,  London,  W.,     |  ^^   ^  jj^y  [^ 

Mitchell,  Alexander  Robertson,  375  Glangow  road, 

Clydebank,  24  Nov.,  1903 

Mitchell,  K.  M.,  24  Howard  street,  Bridgeton,  Glas- /G.      23  Nov.,  1897 

gow,\A.M.  22  Dec,  1903 

Morgan,    Andrew,   67    Devonshire    street.    Higher  fG.     18  Dec,  1900 

Bronghtou,  Manchester,! A.M. 22 Dec,  1903 
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Morrison,  A.,  Alt-na-craig,  Greenock,  {a'm.   3Mav  '  1904 

MuiR,  Andrew  A.,  189  Renfrew  street,  Gla^Kow,         { A.M.  ^  Feb'l  IWi 

Norman,  Mylss  Garnet,  Karonga,  Bracken  Biae 

road,  Bishopriggs,  18  Apr.,  IflCfe 

NowERY,  W.  F.,  c/o  Jack,  71  Grant  street,  Glasgow,     i^^  ^  ]^-  \^ 


Oliver,  Gordon  Bernard,  St.  Martin's,  WhittlDghame 

drive,  Glasgow,  23  Jan.,    1905 


Paterson,  George,  27  White  street  Partiek,  21  Nov.,  19<*5 

Pollock,  Gilbert  F.,  (A.M.^SB^y!  ISOi 


Ralston,  Shirley  Brooks,  39  Bentinck  street,  Glas-rG.      23  Feb.,  1897 

gow,  W.,\A.M.  23  Feb.,  19u4 

Ranken,  John,  Fernlea,  Wilson  street,  Motherwell,  24  Oct,  1906 

Riddlksworth,    W.    Henry,    M.Sc.,   63   Polworth/G.       24  Oct.,  1899 

gardenti,  Partickhill,  Glasgow,  \ A.M.  28  Apr.,  19a^ 

Roberts,   William  Mirrlees,   15  Ardgowan  street, 

Greenock,  20  Feb.,  1906 

ROBKRTSON,  Alfred,  J.  C,  591  St.  Catherine  street, 

W^est,  Montreal,  Canada,  16  Dec,  1902 

Robertson,  John,  Jan.,  7  Maxwell  terrace.  Shields 

road,  PoUokshields,  Glasgow,  20  Jan.,  11)03 

Ross,  John  Richmond,  Messrs  Balfour,  Lyon  &  Co.,  f  G.       25  Oct.,  1898 

...        .^^^ .... 


Valparaiso,  \ A.M.  26  Jan.,  1904 

Lce,    Mount /S.        21  Apr.,  1903 
s^  Glasgow,  (A.M.    2  May,  1905 

Russell,  John,  Orchanl  street,  Motherwell,  21  Feb.,  1&0.5 


Ross,    Thomas    C,    13     Hampden    terrace,    Mount /S.        21  Apr.,  1903 

Florida,  Glasgow,  (A.M.    2  May,  1905 


Sanguinetti,  W.  Roger,  Public  Works  Department,  fG.      20  Feb.,  191¥» 

Selangor,  Malay  States,  \  A.M.  2  May,  1905 

Saul,   George,  Yloilo  Engineering    works,    Yloilo, 

Phillipine  Islands,  21  Apr.,  1903 

Service,  William,  178  West  Graham  street,  Glasgow,  w'|^  ^0  Mar.*  1906 

Sharpk,  WiLUAM  H.,  B.Sc.,  Engineer's  Office,  Natal/G.       24  Hec  ,  1895 
Government  Railway ,  Pietermaritzbnrg,  Natal,  \  A.  M.  2 i  Oct. ,    1 905 

Shearer,  James,  30  McCuUoch  street,  PoUokshields, 

Glasgow,  3  Mar. ,  1 903 
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Sloan,  John  Alexander,  37  Aonette  street,  Crosshill,  /  G.      25  Jan. ,  1898 

Glasgow,  \A.M.  26  Oct..  1904 

Smith,  James,  4  Clydeview,  Partick,  GlasKOw,  |  ^j^  ^  ^^;|  \^ 

Smith,  James,  23  Barrington  drive,  Glasgow,  i  ^\^  ^  ^^•'  J^^ 

Simpson,  Adam,  12  Rupert  street,  Glasgow,  ||  j^  ^l  ^^'^  }^ 

Speakman,  Edward  M.,  The  Parsons'  Foreign  Patents 

Co.,  Ltd.,  9  Throgmoiton  avenue,  Londou,  16  Dec,  1902 

Sperry,  Austin,  2100  Pacific  avenue,  San  Francisco,  fG.      23  Mai.,  1897 

Cal.,  U.S.A.,  \. A.M.  22  Mar.,  1904 

Steele,  David  J.,   Davaar,  41  Albert  drive,  PoUok/G.      20  Dec.,  1898 

shields,  Glasgow,  \.A.M.  27  Oct.,  1908 

Stephen,  David  Bklford,  19  Aitken  street,  Alexandra 

Park,  Glasgow,  24  Nov.,  1903 

Stevens,  Thomas,  56  Perry  road,  Renfrew,  21  Apr.,  190a 

Stevenson,  George,  Hawkhead,  Paisley,  {aM.  24  Mar*.',  1903 

Stevenson,  George,    Carron  Company,    WelliJark,  j  G.       24  Apr.,  1900 

Larbert,  \A.M.  26  Oct.,  1904 

Stewart,  Alex.   Walker,    41  Comely  bank  avenue, 

Edinburgh,  21  Nov.,  1906 

Stirling,  Andrew,  3  Greenvale  terrace,  Dumbarton,/^' j^  *^  jy^*  ^^^^ 

Stirling,  William,   c/o  Allan,    1159   Argyle   street, 

Glasgow,  25  Oct.,  1904 

Stobie,  Peter,  33  Kelviuhaugh  street,  Glasgow,  J  A.M.  28  Apr.*  1903 

Stott,  John,  103  Stevenson  drive,  Shawlands,  Glasgow,  21  Nov.,  1905 

Symington,  James  R.,  Broomieknowe,  Kilmacolm,      {^'^  26  Jan  '  1904 


Taylor,    J.    F.,  23   Roslea  drive,  Dennistoun,  Glas- 1  G.  23  Nov.,  1897 

gow,  \A.M.  27  Oct.,  1903 

Thomson,  James,  Jun.,  2  Glenavon  terrace,  Parrick,  21  Nov.,  1906 

TiLLOTSON,  Frank,  8  Woodlands,  Albert  road,  Langside, 

Glasgow,  21  Nov.,  1905 

Todd,  Joseph,  47  C»mperdown  road,  Sootstoun,  Glasgow,  23  Jan. ,  1906 

TOSTEE,  Evenor,   (Fils)  Forces  et   Fonderie   de    Pro- 
vidence, Flacq,  Mauritius,  26  Jan.,  1004 


UiiE,  Sebastian,  G.  M.,  514  St. Vincent  street,  Glasgow,  22  Dec.,  1903 

Utting,  Samuel,  66  Warwick  road,  London,  S.  W.  22  Dec,  1903 
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Wabd,  Gkorge  K.,  Garmoyle,  Dumbarton,  j^j^   |^  ^P[*'  J^ 

Ward,  John,  Jun.,  Garmoyle,  Dumbarton,  ^^^  ^  ^^^  ^ 

Welsh,  George  Muir,  3  Princes  gardens,  DowanhilJ,  JG.      21  Dea,  1897 

Glasgow,  lA.M.  28  Apr.,  1903 
Whitelaw.  Andrew  H.,  B.Sc,  74  Dundonald  road,  /  G.      20  Nov.,  1900 

Kilmarnock,  \  A.M.  27  Oct.,  1903 

Williamson,  Alex.,  B.Sc,  Craigbamet,  Greenock,     i  ^\^  ^0  Nov.,  1900 

(,A.M..zO  iJec.,  1904 

Woods.  Joseph,  87  Grosvenor  Road,  Ilford,  Essex,       i^\^  ^  Y^^"  JS5 

'         tA.M.  27  Oct.,  1903 

Woodside,  Hugh  R.,  Artnox,  Dairy,  Ayrshire,  16  Dec,  I9fl8 


Yamukawa,  KCchiro,  8  Sutherland  drive,  HUlhead, 

Glasgow,  21  Nov.,  190S 

Young,   John,  Jun.,  c/o  Messrs  Wallsend  Slipway /G.      28  Nov.,  1897 

and  Engineering  Co.,  Ltd.,  Wallsend-on-Tyne,  \  A.M.  2  May,  1905 
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-A^DOiK,  Frank  R.,  8  Wedtbourne  gardens,  Kelvinside, 

Glaagow,  18  Dec..  1900 

*  AiTKEN,  Thomas,  8  Commercial  street,  Leith, 

A.LLAN,  Henry,  25  Bothwell  street,  Glasgow,  23  Jan.,  1900 

-t- Allan,  James  A.,  25  Bothwell  street,  Glasgow,  29  Oct.,  1901 

^Armour,    William    Nicol,    40    West    Nile    street, 

(Glasgow,  24  Nov.,  1899 


Barclay.  Thomas  Kin  loch,  41  Ann  street,  Glasgow,  20  Mar.,  1900 

Beog,  William,  34  Belmont  gardens,  Glasgow,  19  Dec.,  1886 

Blair,  Herbert  J.,  30  Gordon  street,  Glasgow.  28  Feb.,  1897 

Bowles,    Geoffrey    Tatton,    Lienteoant,   R.N.,  25 

Lowndes  squure,  London,  S.W.,  25  Oct.,  1904 

Bowman,   Kredbrick    George,  21   Kersland    terrace, 

Hillhead,  Glasgow,  22  Mar.,  1904 

Brecknell,  Georok  W.,  79  West  Regent  street,  Glas- 
gow, 21  Feb.,  1905 

Brown,  Capt.  A.  R.,  34  West  George  street,  Glasgow,  21  Dec.,  1897 

Brown,  Thomas  J.,  233  St.  Vincent  street,  Glasgow,  *29  Oct.,  1901 

Buchanan,  James,  Dalziel  Bridge  works,  Motherwell,  26  Nov.,  1901 


<'AYZER,  Sir  Charles  W.,  Bart.,  M.P.,  Gartmore,  Perth- 

shira,  37  Oct,  1903 

Christie,  William,  4  Westminster  gardens,  Hillhead, 

Glasgow,  18  Apr.,  1905 

Clark,  Robert,  21  Bothwell  street,  Glasgow,  23  Feb.,  1904 

Claussen,  a.  L.,  118  Broomielaw.  Glasgow,  22  Jan.,  1892 

(^LYDE,  W' ALTER  P.,  Messrs  Dnbbie,  M'lones,  Ltd.,  45 

Bothwell  street,  Glasgow,  24  Oct.,  1899 

Craioie,  John,  118  South  Cromwell  road,  Qaeen's  park, 

Glasgow,  25  Oct.,  1904 


Names  marked  thus  *  were  Associates  of  Scottish  Shipbuilders'  Association  at 
incorporation  with  Institution,  1865. 

Names  marked  thus  t  are  Life  Associates. 
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Dawson,  David  C,  12  York  street,  Glasgow,  27  Oet-,  19r« 

Dewar,  James,   II    Regent   Moray   street,  Glasgow,  22  Dec,  18-97 

DoDDRELL,  Edward  £.,11  Both  well  street,  Glasgow,  26  Oct.,  1897 

Donald,  James,  J.P.,  123  Hope  street,  Glasgow,  19  Dee.,  1S9» 


Farnell,  John  A.,  11  Cbariog  Cross  mansions,  Glasgow,  21  Feb.,  1905 

Ferguson,  Peter,  19  Exchange  square*  Glasgow,  27  Apr.,  1897 

FoRRivST,  William,    60  Dalziel   drive,    PoUokshields, 

Glasgow,  19  Feb.,  1901 


Gardiner,  Frederick  Crombik,  24  St.  Vincent  place, 

GUsgow,  20  Feb.,  190(^ 

Gardiner,  William  Guthrie,  24  St  Vincent  place, 

Glasgow,  20  Feb.,  19l«> 

GovAN,  William,  Belhaven,  Milngavie,  21  Feb.,  1905 

Graham,    The    Most    Honourable    The    Marquis    of. 


arqi 
,G] 


Buchanan  Castle,  Glasgow,  22  Mar.,  1M4 


Hamilton,  David  John,  9  Princes  gardens,  Glaseow, 

*W.,  2  May,  19u5 

Henderson,  John  B.,  Messrs  John  Brown  &  Co.,  Ltd., 

Clydebank.  22  Mar.,  1904 

HoLLis,  John,  c/o  Messrs  John  Brown  «&  Co.,  Ltd.,  144 

St.  Vincent  street,  Glasgow,  23  Nov.,  1897 

Hope,  Andrew,  50  Wellington  street,  Glasgow,  27  Oct.,  1903 


INVERCLYDE,  The  Right  Honourable  Lord,  30  Jamaica 

street,  Glasgow,  23  Oct,   19<t» 


KiNOHORN,  William  A.,  81  St.  Vincent  street,  Glasgow,  24  Oct.,  1882 

KiRSOP,  Jamiss  Nixon,  79  St.  George's  place.  Glasgow,  29  Oct.,  1901 

Kyle,  John,  Cathay,  Forres,  N.B.,    "  23  Feb.,  1897 

M*Ara,  Alexander,  65  Morrison  street,  Glasgow,  22  Nov.,  1892 

Macbeth,  George  Alexander,  66  Great  Clyde  street, 

Glasgow,  24  Jan.,  1899 

MacBrayne,  David  Hope,  119  Hope  street,  Glasgow.  22  Mar.,  19(M 

MacBrayne,  Laurence,  11  Park  Circus  place,  Glasgow,  26  Mar.,  1895 

MacDougall,  Dugald.  I  Cross-shore  street,  Greenock,  26  Jan.,  1897 
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B«:*lNTYRE,  T.  W.,  Kirkmicbael  house,  Maybole,  Ayr- 
shire, 24  Jan.,  189a 

BaCACLAY,    Joseph    P.,    21    Bothwell   street,   Glasgow,  18  Dec,  1900 

:m:*Lintock,  Finlay,  Fisherwood,  Balloch,  19  Dec.,  1906 

:Ba:*PHERSON,  Captain  Duncan,  Mavisbank,  Gourock,  26  Jan.,  1886 

BfliSRCER,  James  B.,  Bronghton   Copper  works,   Man- 
chester, 24  Mar.,  1874 

BAowbray,  Archibald  H.,  Sutherland  honve,  Stirling,  22  Feb.,  1898 


OVERTOUN,  The  Right  Hon.  Lord,  Overtoun,  Dumbar- 

tonshire,  27  Oct.,    1903 


Paul,  Robert,  82  Gordon  street,  Glasgow,  18  Apr.,  1905 

Pairman,  Thomas,  Anld  manse,  Busby*  23  Jan.,  190O 

Fbbntice,  Thomas,  175  West  George  street,  Glasgow,  24  Nov.,  189& 


Raeburn,  William  Hannay,  81  St.   Vincent  street, 

Glasgow,  20  Feb.,  190O 

Rbid,  John,  30  Gordon  street,  Glasgow,  22  Dec.,  1896 

Reid,  Wiluam,  109  Hope  street,  Glasgow.  23  Jan.,  1906 

Kiddle,  John  C,  c/o  Messrs  Walker  &  Hall,  8  Gordon 

street,  Glasgow,  15  June,  1898 

Robertson,  William,  27  Apr,,  1897 

Robinson,  David,  Hilbre,  Balshagray  avenue,  Partick,  16  Dec.,  1902 

Roxburgh,  John  Archibald,  3  Royal  Exchange  square, 

Glasgow,  20  Feb.,  1900 


Service,  (tEorgb  William,  175  West  George  street, 

Glasgow,  24  Nov.,  1896 

Scott,  Harold  H.  S.,  94  Hope  street,  Glasgow,  20  Mar.,  1906 

Service,  William,  54  Gordon  street,  Glasgow,  23  Jan.,  1900 

Sloan,  William,  53  Bothwell  street,  Glasgow,  20  Feb.,  190O 

fSMiTH,   George,  c/o  Me«8rs  George  Smith  &  Sons, 

75  Bothwell  street,  Glasgow,  22  Jan.,  1901 

Smith,  John,  41   Kelvinside  gardens,  Kelvinside,  N., 

Glasgow,  22  Feb.,  1898 

Sothkrn,  Robert  M.,  59  Bridge  street,  Glasgow,  18  Feb.,  1902 

Stewart,  Charles  R.,  Messrs  J.  Stone  &  Co..  46  Gordon 

street,  Glasgow,  29  Oct.,   1901 
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Stewart    John  G.,  65  Great  Clyde  street,  Glasgow,  18  Dec,  1S90 

Strachan,   G.,  Fairfield  works,  Govan,  26  Oct.,   1891 

Taylor,  Frank,  70  Hatfield  road,  Bedford  Park,  Lon- 
don, W.,  24  Dec,  1901 

Taylor,  William  Gilchrist,  123  Hope  street,  Glasgow,         23  Jan.,  1900 

Thomson,  William  H.,  32  Albert  Road  East,  Crossbill, 

Glasgow,  19  Feb.,  1901 


W^ARREN,  Robert  G.,  116  Hope  street,  Glasgow,  28  Jan.,  1898 

W^EIR,  Andrew,  102  Hope  street,  Glasgow,  25  Jan.,  189S 

Whimster,  Thomas,  67  West  Nile  street,  Glasgow,  24  OcL,  1809 

Wild,  Charles  William,  Brongbton  Copper  Company, 

Limited,  49-51  Oswald  street,  Glasgow,  24  Mar.,  1890 

Williamson,  John,  99  Great  Clyde  street,  Glasgow,  28  Apr.,  1903 

WiLLocK,  Frederick  George,  109  Hope  street,  Glas- 
gow, 21  Mar.,  190$ 

Wrede,  Frederick  Lear,  25  Bentinck  street,  Greenock.  25  Jan.,  1S98 


Young,  John  D.,  Scottisb  Boiler  Insurance  Company, 

111  Union  street,  Glasgow,  19  Dec,  18^ 

Young,  Robert,  Baltic  Chambers,  50  Wellington  street, 

Glasgow,  16  Dec,  1909 
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ArrKKN,    John,    Beech   cottage,    Balshagray    avence, 

Partick,  28  Apr.,  1903 

Alexander,  Robert,  33  MelvUle  street,  Portobello,  23  Oct,  1900 

Alkxander,  William,  The  WelliDgtoDTechnicalSchool, 

WeUiDgton,  N.Z.,  19  Mar.,  1901 

Alexander,  William,  13  Lawredce  street,  Partick,  25  Oct.,  1904 

Alison,  Alexander  E„   Devonport,  AucklaDci,  New 

Zealand,  22  Nov.,  1898 

Anderson,  Adam  R.,  23  Mar.,  1897 

Anderson,  John,  Jun.,  3  Crow  road,  Partick,  2  May,  1905 

Andrew,  Archibald,  4  Thornwood  terrace,  Partick,  23  May,  1905 
Aoyaoi,  J.,  c/o  Mrs  Sutherland,  1  W^est  End  Park  street, 

Glasgow,  24  Oct.,    1905 
Ap. -Griffith,  Ywain  Goronwy,  c/q  Logan,  128  Byres 

road,  Glasgow,  3  Mar.,  1908 

Appleby.  John  Hkrhert,  133  BaUhagray  avenue,  Partick,  27  Oct. ,  1903 

Appleton,  Evelyn,  Kosevale,  Windsor  road,  Renfrew,  20  Dec,  1904 


Baikd.  James,  Romiley,  Er^kine  avenue,  Dumbreck,  2(5  Jan.,   1904 

Barty,  Thomas  Patrick  William,  c/o  Messrs.  For- 

mans  &  M'Coll,a60  Hope  street,  Glasgow,  18  Dec,  190O 

Bell,  H.  L.  Ronald,  Redargan,  Drumoyne  drive,  Govan,  22  Mar. ,  1904 

Behg,  William  E.  G.,  21)0  Duke  street,  Glasgow,  24  Oct.,    1905 

Bertram,  R.  M.,  9  Walmer  road,  Toronto,  Canada,  24  Jan.,  1899 

BiNLEY,   William.   Jun.,  504,  73rd  street,  Brooklyn, 

New  York,  U.S.A.,  21  Mar.,  1899 

Bisset,  John,  35  Harriet  street,  PoUokshaws,  Glasgow,  18  Dec,  1900 

Black,  James,  3  Clarence  street.  Paisley,  18  Dec,  1900 

Bone,  Quintin  George,  c/o  Shearer,  23  Belmont  street, 

Hillhead,  Glasgow,  19  Dec,  1899 

Broom,  William  A.,  M.A„  Rothmar,  Campbeltown,  20  Dec,  1904 

Brown,  Alexander  Taylor,    1   Broomhill   avenoe, 

Partick,  Glasgow,  26  Oct.,  1897 

Bbown,  Anirew,  7  WLittJngbame  gardens,  Glasgow,  21  Nov.,  1905 

Brown  Walter  George,  35 Bnrnbank gardens,  Glasgow,  2  May,  1905 

Bruce,  M  illiam  Ross,  Oaklea,  Hawkhead  rowi,  Paisley,  19  Dec,  1905 
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Buchanan,  Joshua  Milleb,  25  Hickman  road,  Penarth, 

Cardiff,  21  Nor.,  1S99 

BUNTEN,  James  C,  Anderaton  Foandry,  Glasgow,  20  Not.,  1900 


Callandeu,  William,  10  Ashbumham  Road,  Bedford,  24  Dec,  19*il 

Cameron,  Ciiarlls,  126  Paisley  road,  west,  Glasgow,  25  Oct.,  1904 

€ameron,   Ivan  Johnstone,  P.O.  Box  365,  Nelson, 

British  Columbia,  24  Jan  ,  1905 

'Clark,  William  W.,  32  Grafton  square,  Glasgow,  20  Dee.,  1904 

Clover,  Mat.,  Jnn.,  Koselea,  Willaston,  near  Chester,  22  Dec,  1903 

Cochrane,  John,  15  Ure  place,  Montrose  street,  Glas- 
gow, 24  Dec,  1901 

Cormack,  James  Alexander,  101  Clarence  drive,  Par- 

tickhill,  Glasgow,  24  Nov.,  1903 

Cran.  J.  Duncan,  11  Brunswick  street,  Edinburgh,  21  Jan..  1902 

Crawford,  Archibald,  P.O.  Box  558,  Pretoria,  S.A.,  18  Dec,  1900 

Crichton,  James,  B.Sc,  c/o  Hunter,  .308  Byres  road, 

Glasgow,  22  Mar.,  1904 

Crightox,    Arthur  Edward,  21  Mar.,  1905 

Crombie,  John  Wallace,  c/o  TurnbuU,  25  lona  place. 

Mount  Florida,  Glasgow,  19  Deo.,  1905 

CuBiE,  Alexander,  Juu.,  2  Newhall  terrace,  Glasgow,  23  Jan.,  1900 

Cuthbert,  James  (J.,    8uir  Bridge    Railway    vorks, 

Waterford,  21  Nov.,  1899 


Dknnistoun,  a.  B.,  Glenesk,  Sherbrooke  avenue,  PoUok- 

shields,  Glasgow,  1  May,  1906 

De  Sola,  Juan  Garcia,  Sacramento,  57,  Cadiz,  Spain,  20  Mar.,  1900 

Dewar,   Robert  D.,  4  Battlefield  avenue,   Langside, 

Glai^w,  21  Mar.,  1905 

DiAS,  Christopher,  132  Mains  street,  off  Sauchiehall 

street,  Glasgow,  16  Dec,  1902 

Dickie,  James  S.,  San  Mateo,  California,  19  Dec,  1899 

Dixon,  Ernest  M.,  1  Westbank  place,  Smith  street, 

Hillhead,  Glasgow,  IM^/,    U>i 

Dobbie,  Robert  B.,   15  Leander  Road,  Brixton  Hill, 

London,  S.W^,  24  Oct,  1899 

DoRNAN,  James,  21  Minerva  street,  Glasgow,  20  Jan.,  1903 

DoRNAN,  John  D.,  21  Minerva  street,  Glasgow,  22  Mar.,  1904 

Drysdale,  WiLUAM,3Whittingehame  gardens,  Kelvin- 
side,  Glasgow,  16  Dec,  1902 
DuFP,  Gordon  Alison,  B,Sc,  20  Park  road,  West  Kirby, 

Cheshire,  14  Oct,   1905 
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X)XJNCAN,  Alexandek,  c/o  E.  G.  Eraser  Luckie,  Esq., 

Hacienda,  Andalusia,  Hnacho,  Sayoa,  Pern,  23  Apr.,  1901 

DuNLOP,  John,  9  Oakfield  terrace,  Hillhead,  Glasgow,  21  Mar.,  1905 

X>UNSMUiR,  George,  Matheran,  27  Sherbn»oke  avenae, 

PoUokshields,  Glasgow,  21  Apr.,  1903 


Elliott,  James,  89  North  street,  Whiteinch,  1  May,  1906 


Fairley,  John.  124  Pitt  street,  GIa<)gow,  21  Nov.,  1899 

Fairweather,  George  A.  E.,  26  Nov.,  1901 

Ferguson,  John,  Belle vue,  Clydesdale  street,  Hamilton,  20  Dec.,  1904 

Fkrgusson,  W.  L.,  48  Coanaught  road,  Roath,  Cardiff,  22  Dec,  1891 

Fish,  N.,  69  Mavfair  avenue,  Ilford,  Essex,  18  Feb.,  1902 

Flbming,  Archibald  L,  c/o  Hankin,  280  Bath  street, 

Glasgow,  20  Dec,  1904 

Fraser,  John  Alexander,  989  Govan  road,  Govan,  26  Jan.,  1904 
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